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It should be clearly stated in the beginning that it is not the pur- 
pose of this paper to attempt to establish any etiological relationsMp 
between the hj’perreactmty of the vasomotor system to the stimuli 
previously mentioned and the hypertensive state. However, aside from 
any etiologieal significance that might exist, it appears to us that 
this phenomenon is most certainly of sufficient importance to warrant 
investigation of the mechanism Avhich produces it. The work reported 
in this paper was undertaken in the hope that it might throw some 
further light on this mechanism. 

STATEMENT OF PROBLEM 

The present investigation is concerned, generally speaking, with the 
problem of the abnormal vasopressor response to certain stimuli (cold, 
pain, etc.) which occurs among subjects who have essential hyperten- 
sion and among certain iudiAdduals who have a normal blood pressure. 
It represents an attempt to determine -whether or not this abnormal 
vasomotor response might be explained in part by the presence of an 
arteriolar hjqierscnsitivity to pressor stimuli. Specifically, it is con- 
cerned with determination of the reaction of the digital arterioles to 
a common stimulus, epinephrine. The reaction is measured by deter- 
mination of the cutaneous temperature. The types of subjects em- 
ployed are divided into groups which will be explained later. 

The investigations of Eaab^' ' on this problem led him to conclude 
that the abnormal response of the blood pressure of hypertensive sub- 
jects to various stimuli is caused by a hyperirritability of the vaso- 
motor centers produced by the accumulation of lactic acid within 
these centers. He based this conclusion on his cxpei'imental work 
which showed, first, that a hyperirritability of the vasomotor centers 
of cats to inhaled carbon dioxide resulted from a shortage of oxygen, 
or perfusion of the l)rain stem with lactic acid and, second, that a 
similar hjTierirritability occurred among human subjects who had essen- 
tial hypertension. 

Apparently, very little attention has been directed toward the pos- 
sibility that the peripheral vasomotor mechanism might play a part 
in this abnormal reaction. Lian, Stoiceseo, and Vidraseo® by means 
of the plethysmograph investigated the effect of intravenous admin- 
istration of a solution of epinephrine on the blood flow of the fore- 
arm of normal and hj-perten.sive subjects and concluded, generally 
speaking, that there is a marked hyperexcitability of the vasomotor 
system of the hypei-tensivc individual. One cubic centimeter of a 
3 .-100,000 solution of epineplii-ine when administered intravenously 
to hj-pertensive subjects produces a greater rise in the blood pressure 
and plethysmographie evidence of a much greater peripheral vasocon- 
striction than it does when administered to normal individuals. This 
would seem to indicate that the peripheral arterioles of hypertensive 
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of 30” C. -was estaWislied as the minimal level at which the observations were made. 
After the temperature of the digits liad reached a fairly stable level, the infusion 
was started. Physiological saline solution was administered for a short period; then, 
without the patient's knowing it, administration of a 1:250,000 solution of epineph- 
rine was begun. Tliis solution usually was administered for twenty to tliirty 
minutes. The rate of the injection was sufficiently rapid (usually 3 to 9 c.c. per 
minute; 0.012 to 0.036 mg. of epinephrine per minute) to produce a minimal elevation 
of 20 mm. of mercury in the systolic blood pressure. The administration of 
epinephrine then was stopped and at times the physiological saline solution was 
allowed to run into the vein for a short period, that is, long enough as a rule to 
allow the temperature of the digits to regain the preinjection level. At other times, 
administration of the physiological saline solution and administration of the solution 
of epinephrine were stopped simultaneously. Such a procedure was followed for 
the purpose of eliminating as much as possible the psychic factors that might have 
influenced the cutaneous temperature had the patients known the exact moment at 
wliieh the administration of epinephrine was to be started. During the entire observa- 
tion the blood pressure, pulse rate, and the cutaneous temperature of the volar 
surfaces of the distal phalanges of several of the digits of the upper extremities 
were taken at intervals of three to five minutes. The observations of the cutaneous 
temperature were made by using a thermopile equipped with copper-constantan 
junctions. 

INDIVIDUALS OBSERVED 

Fifteen individuals were observed. These were divided into three 
groups: Group 1 consisted of five individuals who had normal blood 
pressures and reacted normally to the cold pressor test. As far as 
could be ascertained by physical and ophthalmoscopic examination, the 
indhdduals in this group possessed normal arteries. Group 2 con- 
si.sted of three subjects who had normal blood pressures but reacted 
abnormally to the cold pressor test; that is, there was an increase of 
more than 20 mm. of mercury in the values for the systolic and 
diastolic pressures. Group 3 consisted of seven indmduals who had 
clinical evidence of hypertension and reacted abnormally to the cold 
pressor test. 

RE.SULT,S 

The vasoconstrictor effect of epinephrine was measured as the ex- 
tent of the decrease in cutaneous temperature (expressed in degrees 
centigrade) from the preinjection level. The results have been charted 
in three ways : first, as the maximal decrease in digital temperature in 
each individual case ; second, as the minimal decrease in digital temper- 
ature in each individual case; and third, as the average decrease in 
digital temperature in each indixidual case. This last value was ob- 
tained by adding the values representing the decrease in temperature 
of all the digit.s measured in an individual case and dividing this re- 
.sult by the number of digits measured. The results obtained are shown 
in Fig. 1. 

Group 1 . — It will be seen that in this group there was a marked varia- 
tion in the decrease in cutaneous temperature; the maximal re.sponse 
varied from a decrease of 7.6° to 0.8° C. It also will be seen that there 
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thetic impulses. In view of the fact that the action of epinephrine on 
the digital arterioles is similar to its action on the arterioles of the 
greater part of the body, it might be reasoned that in general the 
sensitivity of the arterioles of hypertensive indmduals to pressor 
stimuli is no greater than is that of the arterioles of normal individ- 
uals. The limitations of our observations, however, do not justify the 
formation of this conclusion. 

However, we do feel that these observations definitely establish the 
fact that there is no diiference in the sensitivity of the digital arterioles 
of normal and h5T)ertensive subjects to the intravenous administration 
of epinephrine, as measured by studies of the cutaneous temperature. 
It would seem that this fact I’ather supports the idea that in hyper- 
tension the abnormality which results in an overactivity of the vaso- 
motor system in response to certain stimuli, such as carbon dioxide and 
cold, is not the result of any hypersensitivity of the arterioles to pres- 
sor stimuli, but is probably situated eentrallj" in the vasomotor centers. 

SUMMARY 

The sensitivity of the digital arterioles of normal and hypertensive 
subjects to intravenous administeation of epinephrine was investigated. 

We found that there is no essential difference in the sensitivity of 
the arterioles of these two groups of individuals to the administration 
of epinephrine. 

The possible relationship that the results of these observations might 
have to the abnormal vasomotor mechanism present in eases of hyper- 
tension has been considered. 
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These figures include the total number of uninflamed hearts in each 
series, and the results with each injection material were recorded for 
comparison. Tlie best efforts failed to produce an absolutely even 
suspension of lamp blade. Small clumps of the individual particles 
were frequently observed when microscopic search Avas made for them, 
and it is believed that lamp black gives a lower percentage of injected 
vessels than does the India ink (Weber’s) or solulfic blue. These last 
. tAvo Avere satisfactory suspensions for the injection of capillaries. 

The necessity of a clear definition of Avhat is meant by a heart Amlve 
in this inA’'estigation is obvious. The character of the aortic and pul- 
monic cusps is such that no significant difference of opinion as to 
Avhat constitutes “Amlve” can exist. Tlie frequent extension of a 
myocardial AA^edge into the atrioA’-entricular leaflets has led to differ- 
ences of opinion as to A\'hat part of the leaflets is truly a'uIvc. A broad 
definition of the heart A'alves, and the one that Ave regard as correct, 
is that they are fibrous or fibromuseular membranes attached to the 
inner surface of the heart AAmll AA'hich, Avhen closed, nox’mally fox’m 
an ixitact septum preventing the rcgurgitatioxx of blood. By such a 
definition, the myocardial muscle A\-edge or even a part of the fibrous 
ring attaehxnexxt Avould frequently be a part of the valve. In no in- 
stance AAms a Auilve recorded as vascularized unless A'essels extended 
beyond a lixie drawn perpendicular to its surface and through the most 
distal point of its basal attachment. 

Another definition aixd one Avhich is based on the bistological struc- 
ture of the valve Avas proposed by Gross and Kxxgel.® They did not 
bclicA’^e that the frequexit extensions of the myocardium or the fibrous 
connective tissue from the valve I’ing into the center of the proximal 
portion of the valve should be regarded as ixart of the valve proper. 
The extexxt of the myocardial Avedge is variable, e.specially in the septal 
leaflet of the mitral aixd txa’ciLspid vah'es and in both situations fi’C- 
quently retracts Avith age. With the retreat of the AA'edge a fibrous 
or fibromuseular tongue often per.sists. It is our belief that fuixetion- 
ally and axxatomically this proximal portion of the leaflet is still Amh’^e, 
regax'dless of Avhether it eontaixis myocardixxm or not. 

Despite this academic difference as to the exact definition of a 
heai-t valve, it must be accepted that so far as the normal vasculai’iza- 
tion of the valves in relation to endocarditis is concerned, it is the 
distal fibroelastic portion of the vaU'c that constitutes the significaxit 
zone. 

It was not the purpose of this iiiA'cstigation to study the A-asculariza- 
tion only of normal A'alves, bxxt also to compare A-alve A'asculax’ization 
in inflamed and normal hearts. It is difficult to define an absolutely 
normal A'alve because of inherent develoixrnental differences, age 
changes, and A'ax'ying degrees of selci'osis. The macroscopic cilteria 
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The third group of structural variations which, so far as we know, 
is not related to inflammation, is represented by focal degenerative 
changes frequently associated -with ealciflcation. These changes are 
commonly termed “endocardial” or “subendocardial sclerosis” and 
have been described in detail by Eibbert,"* Beitzke,'^ Dewitzky,® and 
Monckeberg.'^ 

Without attempting to review the various noninflammatory degen- 
erative changes ordinarilj’' ascribed to sclerosis, attention must be 
directed to the difficulties occasionally encountered in distinguishing 
such changes from those due to healed endocarditis. The work of 
Bohmig and Kriickeberg® illustrates the futility of attempting to 
establish an arbitrary distinction between healed inflammation and 
sclerosis of heart valves in the case of some of the borderline lesions. 
These investigators described nine anatomical layers in each of the 
atrioventricular valves and were of the opinion that in the case of 
localized nonexudative valve thickening, the determination of the 
particular layer involved is of great importance in disting-uishing be- 
tween inflammatory and sclerotic lesions. Such conclusions are not 
susceptible of proof or disproof. Obmously the possibility of an in- 
flammation having been present in any given valve cannot be excluded. 
Theoretically, an inflammation can be so mild and be folloAved by such 
complete healing that either no scar is formed or, if it were formed, 
the scar cannot be recognized as the end-result of an inflammatory 
process. It does not seem likely that, even if a given indeterminate 
lesion could be oriented according to the nine zones of Bohmig and 
Kriickeberg, its true identity would be any more accurately deter- 
mined. 

The inscriptions on the monuments to inflammation fade, and it will 
always remain a matter of opinion as to when they cease to be de- 
cipherable. Since this investigation had for its ob.ieetive the deter- 
mination of the incidence of vessels in normal valves, in contradis- 
tinction to valves that have been the seat of inflammation, the criteria 
for distinguishing the two must be defined. These ci’iteria are defined 
Avith no illusions as to their infallibility and with the knowledge that 
certain hearts included in the normal group may have sustained a 
valvulitis at some remote time and that other hearts may have been 
excluded because of an erroneous su.spicion of past inflammation. Hav- 
ing previously excluded all hearts in which there was shortening or 
adhesions between leaflets or cusps, recognizable vegetations ■whether 
they "were active or healed, or shortening, thickening, or adhe.sions 
between chordae tendineae, the only microscopic ground for exclud- 
ing a heart grossly accepted as noninflammatory is the finding of an 
active or organizing inflammatory lesion ■\vhich had not been recog- 
nized on the gross examination. Fibroblastic proliferation, reduplica- 
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tion of elastic fibers, or tlie presence of thick-availed blood vessels vilh 
or without exudation, was considered acceptable microscopic evidence 
of inflammation. 

The 333 hearts injected were divdded into two groups, tlie first in- 
cluding 78 hearts wliich were judged to be or to have been the seat of 
inflammation, and the second comprised of 255 hearts regarded as 
being free from any stigmas of active or liealed inflammation. 

The percentile incidence of valve vascularization in tlie Iavo groups 
is shomi in Table II, In the inflammatory group, sixty-nine heart.s, 
Or 88 11 er cent of the entire group, had one or more valves vascularized. 
The mitral vahm contained vessels most frequently, the incidence lio- 
ing 82 per cent, and, of the two mitral leaflets, the anterior was 
vascularized more commonl.v than the posterior in a ratio of 5 to 4. 
No significant differences were noted in the selective vascnlnrization 
of the tricuspid leaflets or of the aortic or pulmonic cusps. The. mitral 
was the valve most commonly aflneted by inflammatory changes in 
this series and was followed by the aortic, tricuspid, and pulmonic in 
diminishing frequency. Despite the fact that the ]nilmonic valve 
was least frequently the seat of valvulitis, 37 per cent of all pulmonic 
valves in the inflammatory group of liearts were vascularized. Tliis 
represents a higlier incidence of va.seularization than is seen in the 
aortic (27 per cent), although the aortic valve was the scat of inflam- 
mation eight times as frequently as the pulmonic. 


T.utns 11 



1 PKUCKN'TII.K INrn)KN<.;K OK V;1 

lIat. VAScaii. 

ARIZATIOX 


MITRAIj TKICUSriD 

AORTIC 

PUUMONIO 

TOTAli 

Seventy-eight hearts showing 
active or healed inflaraniation 

82% 51% 

27% 

:57% 

8S9e 

Two liundred and fifty-five 
hearts shomng no active or 
healed inflammation 

50 70 •'51 9c 

5% 

1 - 1 9e 

fifi% 


In the noninflammatory group of 255 hearts there were 168, or 66 
per cent, in which one or more valves were vascularized. The .‘;amc 
order of frequency of valves affected was seen hero as in the inflam- 
matory group, the mitral having the highest incidence (50 per cent) 
followed by the tricuspid, pulmonic, and aortic in diminishing fre- 
quency. The same, order of the frequency with which the various 
A'alvcs were vascularized was observed in the previous study by 
Wearn, Bromer and Zscbicsche.’ 

A comiiarison of the inflammatory and noninflammatory group.''-, 
according to the number of valves vascularized in each heart, is sbov.-n 
in Table TIL In tlie inflammatory group the vascnlnrization of more 
than one valve was more common Iban (be va.seularization of a single 
valve in a ratio of 2 to 1, Vascularization of all four valves was seen 
in 17 per cent of the entire group. 
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111 the noninflamniatory group, vascularization of a single valve was 
more common than vascularization of more than one valve, in a ratio 
of 4 to 3, and in less than 1 per cent of the noninflammatory hearts 
were all four valves vascularized. 



8eventy-eiglit lioavts .sliowing 
active or liealed inflaininati 
Two liundred and fifty-five 
lieaits showing no active oi 
liealed inflammation 


1 

valve 

2 

VALVES 

3 

VALVES 

4 

VALVES 

TOTAL 

2S% 

29% 

14% 

17% 

88% 

:!S% 

22% 

5% 

1% 

GG% 


The foregoing data are at variance with the observations of Gross 
and Kugel,^ and it was thought that dift’erenees in the anatomical 
conception of ivhat constitutes a valve might account in part for the 
higher incidence of vascularization of noninflammatory heart valves 
reported here. As stated in the early part of this paper, we chose to 
regard the entirety of the freely moving membranes between chambers 
or between the chambers and the large arteries as valve leaflets or 
cusps. Prolongations of myocai’dium or extensions of the fibrous valve 
rings arc frequently jircsent in the atrioventricular valves. Gross and 
KugeP did not regard such extensions as part of the valves, and, 
when valve vascularization was confined to iutravalvular prolonga- 
tions of cardiac miiscle or fibrous cofinectivc tissue extensions from 
the annulus, they did not regard the valve as being vascularized. So 
far as the relation of blood vessels to valvulitis is conceimed, it must 
be admitted that it is the vessels beyond the basal third which are 
significant, since the most commonly occurring inflammatory lesions are 
in the distal rather than the proximal portions of valves. Since the 
difference in the anatomical concept of a valve apiDlied chiefly to the 
atrioventricular leaflets, 104 atrioventricular leaflets from noninflam- 
matory hearts in which vessels wci’e limited to the proximal third 
were cut in such a manner that blocks for histological examination 
included the sites of vascularization. The results are shoAvn in Table 
W. 

Tabi.e R" 

Ia)c-atio.\' or Vessels ix Oxe HrxnnEn axi> Four Uxixfeamed ATi!rovr;x'n:irui,.\i: 

Leafeet.s IX Which VAsri;i.^\KizATiox Was Limited to the Ba.sae 
Thiki) of the Leaflet.s 

- — I>EI!CE.VTII.K 

I.X<-HIEXCE 


Vo.«.“elH in niyoeardial niuscle wedge in leaflet.^ 02 

Ve.‘^.«el.'< in exten.sion of fibrous valve ring into leaflet 2~) 

Ve.s.«elf: in atrial lamella of leaflet tO 

Vensels' in ventricular lamella of leaflet 
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BLOOD mSSELS IN IlilMiT VALVIC^^ 

Table IV reveals tlial only- 13 per cent of tlio atrioventricular valves 
reported by us as being vascularized in their proximal portions would 
be accepted by Gross and Iiiigel* as being truly vascularized valves. 

Since all valves in injected hearts were drawn to scale on square 
millimeter paper with the location and length of vessels indicated, it 
is possible to determine the extent to which each valve was vascular- 
ized. All vascularized valves were' classified in two groups, according 
to whether the vessels were confined to or extended lieyond the proxi- 
mal or basal third of the leaflet or cusp. These data are recorded in 
Table V. 

'J'Arit.K V 



1 eXIXFEAMEI) irEAI’.T.S j 

rXFLAM Etl 

i HEAin'.S 

j VESSELS LIMITED 
TO rnox. TRIED 
(PEEC-EXTILE 
IKCIDEXCE) 

VESSELS EXTEXD- 1 
IXG BEYOXD 

I’EOX. TRIED 
(PERCEXTILE 
IXCIDEXCE) 

VESSELS lAMITED 

TO rr’.OX. TRIED 
(PEECEXTILK 
IXCIDEXCE) 

; VESSELS EXTEXD 

IXG BirVOXD 
rnOX. TRIED 
(PEECEXTILE 
LN'CIDEXCK) 

Aortic 

2 

o 

O 

r* 

t 

20 

Pulmonic 

10 

4 

2S 

14 

Mitral 

26 

24 

OO 

i 66 

Tricuspid 

21 

10 

iyq 

i oc 

>ii#W 


With the elimination of all valves vascularized only in their prox- 
imal portions, there still remain 32 per cent of all noninflammatory 
and 69 per cent of all inflammatory liearts with one or more valves 
vascularized beyond the proximal third of leaflets or cusps. 

There is considerable dift'erence in the mean age of the two groups 
of individuals from whom inflamed and uninflamed hearts wore ob- 
tained. The mean age of the inflammatory group was fifty years and 
of the noninflammatory group, thirty-four years. It was desirable 
to reclassify the noninflammatory group according to age in order to 
determine if any age relationship to extent of vascularization exists. 
Table Yl shows the observed relation of age to occurrence and extent 
of valve vascularization in uninflamed hearts. 


T.vm.r. VI. 

The Txcibekce axp Extext of Ve.s.'^ei.s ix IJxiXFEAMKft Vai.ve-s 

I.V EEfi.VTfO.X TO AoE 


AGE 

IX 

YEARS 

XO. 

OF 

CASES 

PEE CEXT OK RKAETS 
IX 'vvmrn vEs.si'.Ls 

EXTEXDED BEYOXD 

PKOXIMAI. TRIED 

OK VALVE 

TOTAL peecextaoj: ok 
H}:.\ nT3 IX viucn 

fiXE on MODE VAIAT-S 
V.TJ-.E V.NSrULAI'.IZED 

0-20 

77 



21-10 

01 



41-00 

so 

.ar.o 


Ol-SO 

ni 

ni.o 

77.(> 


The two significant changes in valve vascularization in relation to 
age arc seen. The first is the absolute increase of valve vascularization, 
from an ineidenee of 51.5 jmr cent in tbe flr.st two decades to av. in- 
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cidenee of 77 per cent in tlie two decades between sixty-one and eighty 
years. The second is the relative increase in the extent to wMch valves 
are vascularized, beginning Avith a 19.5 per cent incidence in the 
youngest age group and increasing to 61 per cent in the oldest group, 
in which one or more A’^alves Avere Amscularized beyond the proximal 
third. This observation of the increasing incidence of Amlve vasculari- 
zation AAdth age is in accord Avith the earlier data of 'VVearn, Bromer, 
and Zschiesche. A rearrangement of their data is shoAvn in Table VII. 


Table VII 

The iNcrDEKCE of Vessels in the Vala-es of ErouTy-Tiip.EE Uninfiamed 
Hearts in Relation to Age* 


AGE PERIOD 

NO. of cases 

TOTAL PEE CENT OF 
HEARTS IN AVHICH ONE OR 
MORE AALA'ES AVERE 

A’ASCULARIZED 

0-20 

1.3 

60 

12-40 

19 

74 

41-60 

36 

90 

61-80 

15 

100 


*AVeam, Bromei', and Zschiesche.* 


Their data also show an increasing incidence of vessels in valA*es with 
age and in the older age groups shoAV a higher incidence of vasculariza- 
tion than that observed in the present study. The difference may be 
the result of chance Amriation in hearts examined or may be due to 
better injections obtained with India ink than were obtained Avuth lamp 
black or soluble blue. (See Table I for comparison of various injection 
fluids.) 

SUMMARY AND DISCUSSION 

The coronary arteries of 333 hearts were injected Avith a suspension 
of lamp black or soluble blue, and the occurrence and distribution of 
vessels in the AmlA^es Avere studied. The hearts Avere divided into, two 
groups according to Avhether there Avas eAudence of inflammatory heart 
disease or not. Careful macroscopic and exhaustive microscopic 
examination Avas carried out for the purpose of establishing the non- 
inflammatory group, AA^hich, so far as could be determined, included 
no instance of healed or aetiA^e myocardial or endoeai’dial inflamma- 
tion. 

In the noninflammatoi'y group there Avere 255 hearts from individ- 
uals ranging from infancy to old age, the mean age being tlurty-four 
years. Sixtj’-six per cent of these shoAved vascularization of one or 
more A'alA’’es. Microscopic examination of the A’^ascularized A'alATS 
.shoAA'ed that, in a large proportion of the A'ahms vascularized only in 
their proximal portion, the A'e.ssels Avere confined to prolongations, 
either of myocardial muscle fibers or of the fibrous aMvc ring beyond 
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tlie base and into the valve. In 32 per cent of tlie entire group one 
or more valves were vasenlarized bej-ond tlie proximal third of tlie 
leaflets or cusiis. 

Both the occurrence and the length of vessels in valves of non- 
inflammatory hearts increased with age. There appears to bo an ac- 
quisition of new vessels in valves with advancing age and also an age 
increase in the extent to which individual valves are vascularized. 
The increased incidence of valves vascularized was not as strildng as 
was the increased number and length of vessels in the valves vascu- 
larized. 

The increased incidence and extent of vessels with age would sug- 
gest that the valves were the seat of occult active or unrecognized 
healed inflammation. Unrecognized inflammation, however, docs not 
suffice to explain the existence of all vessels in valves in view of the 
fact that in 19 tier cent of the normal hearts of children under ten 
years of age, one or more valves were vascularized beyond their 
proximal tliird. Furthermore, there were forty-nine infants under 
one year of age in the noninflammatory group and in twelve of them 
one or more of the heart valves were vascularized beyond the proximal 
third. It seems probable then that normal valves are commonly 
vascularized beyond their proximal third and that, if the acquisition 
of new vessels and the lengthening of old vessels in valves with ad- 
vancing age are due to inflammation, the inflammation must leave no 
recognizable trace of its occurrence. 

A similar study was made of the incidence and clmracter of valve 
vascularization in seventy-eight liearts recognized as being or as 
having been the seat of inflammation. Eighty-eight per cent of the 
entire group showed vascularization of one or more valves, and in 69 
per cent of the entire group one or more valves were vascularized 
beyond their proximal third. These figures indicate a considerable 
increase in the occurrence and extent of valve vascularization in this 
group as compared with the noninflammatory group. The actual dif- 
ference Avas not as great as the apparent diflhrence because the mean 
age of the inflammatory group Avas fifty years, Avliereas that of tlic 
noninflammatory grouji Avas thirty-four years. A comparison of the 
incidence of A'ascnlarization in the inflammatory group Avith that in a 
comparable noninflammatory age group shoAved a total iiieideuec of SS 
per cent in the former as compared Avith 76.5 per cent in the latter and 
an incidence of A'ascularization beyond the jiroximal tliird of 69 jier 
cent in the former as compared Avith 37 per cent in the latter. 

Tlie frequency with vA'liieh the various individual valves Arf»rc 
vascularized folloAved the same scquvuice in the inflp,iiiniatory and in 
the noiiinflamniatory groups, the mitral having the hiirhest incidenfc 
in each group, folloAved by the. tricuspid, pulmonic, and aortic in 
diminishing frequency. The sequence of the ineidenec Avith which 
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the various valves were vascularized in the inflammatory group did 
not correspond to the frequency Avith Avhich the various Amlves were 
affected by inflammation. The mitral valve Avas most commonly the 
seat of Amlvulitis, followed by the aortic, tricuspid, and pulmonic 
Amlves in diminishing frequency. 

The incidence of the vascularization of multiple valves in each heart 
was higher in the inflammatory than in the noninflammatory group. 
This is especially apparent in the case of vascularization of all four 
vah'^es in a single heart. Seventeen per cent of the entire inflammatory 
group shoAved vessels in all four valves in contrast to an incidence of 
less than 1 per cent of similarly extensive vascularization in the non- 
inflammatory group. 

CONCLUSIONS 

1. Y ascularization of Normal Valves . — Tlie frequent presence of 
blood A'cssels in the Amlves of infants and children in Avhom the absence 
of degeneratiA'e or proliferath’^e age changes makes possible the recog- 
nition of normal anatomical structure definitely establishes the exist- 
ence of vessels in normal heart Amlve.s. 

2. Inflammatory Vascularization of Valves. — The increased incidence 
and extent of A^aseularization of A-alves Avhich are the seat of inflamma- 
tion indicate that A'ah’^es not oi’iginally vascularized may acquire ves- 
sels incident to inflammation. 

3. Age Changes in the Occurrence and Character of Vascularization 
of Noninflammatory Valves. — There is an aj)parent age increase in the 
incidence and extent of valve Amseulaiization Achich may represent a 
normal anatomical age change or may lie the result of occult actiA''e or 
healed valAuilitis. 
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' I ’HE problem of the genesis of tlie electrocardiogram lias intrigued 
A investigators ever since the time of Waller and Einthoven. The 
problem, whicli is to define and account for the electrical field created 
bj'- the heart, can be divided into three phases: (1) the time secinenee 
and spatial orientation -within the heart of the electromotive forces set 
up; (2) the distribution of the electrical ciirrehls generated hi* the 
heart within the bod}’ as a whole; and (3) the influence on the distri- 
bution of the electrical currents which results from the variable elec- 
trical conductivity of the tissues in contact with the heart, i.c., those 
tissues which make the bridge between the generator and tlie conduct- 
ing medium. While considerable attention has been paid to the first 
Hvo aspects of the problem, little thought has been given to the last. 
During the past few 3 ’ear.s, we have been concerned in this laboratory 
more particularly with this last aspect, and our studies have led us 
to a new concept of the genesis of the electrocardiogram. In the 
present communication an attemiit is made to present this concept and 
to .summarize briefly the evidence which has led us to this view. The 
matei’ial will be presented under the three aspects outlined above with 
the aid of schematic diagrams. No attempt will be made to review 
the extensive literature or to become involved in controversie.s with 


vie-ws already expre.ssed since presentations of these controversial 
views are available in the literature, viz.. Lewis, ^ Craib,- Ivatzy Wil- 
son and his coworkers,-* Groedel,-’'’ Eyster and his collahoratin-.s,’* and 


Gilson and Bishop." 


TUB TIME .SEQUEXCB AXD SPATIAL ORIEXTATIOX WITIIIX THE 
HEART OF THE ELECTRO.MOTm3 FORCES SET UP 

The active heart in situ can be considered as equivalent to a com- 
posite electric battery placed in a relatively large volume of a cun- 
ducting medium, a battery winch varies the orientation of its pnles 
and its potentials during the cardiac cycle. There is now a large body 

*Froni the Ilenrt St.'ifion .'wu the CarcHovasciiInr T..:iborat(sry. Dcp;irUit<.r,t 0 ? 
ioloprj-, Mich.'inl .Roc^c* HoPpital. 

Pre.‘?ent('d before the .Vmerienn Socielv for Clinical Invcriipation -nt .Miantie City. 
May lt>, R'iOi. 
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of e^ddence to show that resting muscle cells, including the heart, are 
in a state of electrical polarization at their surfaces. There is still 
some controversy concei'ning the manner in which this polarized state 
is brought about, but it has been sliown to depend on the activity of 
the living cell, wliieh requires energy for its creation and mainte- 
nance. Any attempt to destroy this state of electrical polarization 
tends to bring about its restitution imless the cell is killed. It has 
also been established that stimulation and the process of activity 
cause a temporaiy loss of the polarized state of the cell (depolariza- 
tion). Sometimes, as in an injured region of the heart, there is a 
balance between the processes of depolarization and restitution, result- 
ing in a sustained state of partial or almost complete depolarization. 
Advantage has been taken of this last fact to define the electrical 
activity of the various fractions of the heart during the cardiac cycle. 
For example we (Jocliim, Katz and Mayne®; Katz, Jocliim, and 
Abramson®) have determined the synehronj’’ of the onset of depolariza- 
tion and of the reestablishment of the polarized state in vai’ious frac- 
tions of the mammalian heart. This was made possible bj* connecting 
in turn various spots of the heart througli an Einthoven recording 
string galvanometer with a spot rendered inactive by injury (Jochim, 
Katz, and Majone®). Evidence was presented, which has recently been 
confirmed by H. Wiggers,^® that the curves so recorded can be used to 
measure the time course of events beneath the uninjured spots. It 
was found by reference to a simultaneously recorded lead (Lead II) 
that both the time of onset of depolarization and the time of the re- 
e.stablishment of the polarized .state were not .sjmchronous in all the 
spots. Further^ the time span between these two events showed a 
variation of as much as 0.03 sec. in the different spots, and the time 
curves from the various spots were out of phase. 

In Fig. 1 an attempt is made to .shoiv these facts schematically. In 
this figure three uninjured spots of the dog's heart are depicted, con- 
nected in turn through a recording Einthoven string galvanometer 
with an injured spot. In the frame are .sho^vn the time curves which 
might have been obtained in this way during a heart cycle. The two 
vertical lines running between the curves represent, respectively, the 
peak of the major phase of the QRS complex and the peak of the T-wave 
in a .simultaneous!}’' I’eeorded Lead II. The curves show that both de- 
polarization and repolarization are out of phase in the three spots. 
Depolarization starts after the peak of QRlSs in the top eumm, is 
simultaneous with the peak of QRS 2 in the middle curve, and starts 
before the peak of QREo in the bottom ciuwe. The order of reestab- 
lishment of the repolarized state is the exact reverse; viz., it occurs 
before the peak of T 2 in the top curve, is simultaneous with this point 
in tlie middle curve, and occurs after the peak of To in the bottom 
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cm\e. Ihe duration of time between depolarization and repolariza- 
tion is, therefore, unecpial, the time span being shortest in the lop and 
longest in the bottom curve. 

It is this as^uichrony of similar events in different fractions of the 
heart that gives rise to tlie electromotive forces ‘whicli cause electrical 
currents to flow within the heart and from the heart throughout the 
body. This, therefore, is the cause of the electrical fleld which we 
tap when electrocardiograms are recorded. A survey of the evidence 
in the literature available in 1928, with which more I'ccent work has 
fitted, led the author’^ at that time to enunciate the x>rocess of geno.sis 
in the following terms : 

''If we consider the heart a syncj'tium — and in the present state of 
our laiowledge this view is just as reasonable as the alternative view 
that the heart is composed of individual discrete cells — then it follows 



1. — This is a, diagram .showing in the frame Uie curves Avliicli could he 
obtained from the three spots (solid circles) on the heart if they were connected 
in turn through galvanomolers to an injured area (open circle). Ti>o two vortical 
tines running through tlie curves represent the peak of QRS of m:-ad II sinnnta- 
neously recorded. The asjmcluony of the three curves is clearly shov,n as well a.s 
the difference in their time spans. Discussed in to.Kt. 


that as soon as a region becomes active it will lap the inside of the 
rest of the heart’s syncytium. The active region will therelore act as 
the negative pole, and the rest of the heart, wliieh is inactive, will of 
necessity act as the i)o.sitive i)ole, the source and sink of tlic elect I'ieal 
Ijotential being ultimately referable to tbc two sides of tlsc intact 
membrane or surface. . . . Certain regions gain an advantage because 
the intensity of current flow varies not only with tlie difference i.u 
potential, but also with the amount of electrical resistance between 
regions having sncli difference.s of potential. Obviously, the greatest 
intensity of current flow will be between adjacent, active mid inactive re- 
gions, as the resistance i.s least liere. For this reason adjaccut active 
and inactive regions will aiipcav to act as the two poles of the source 
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of the bioelectric curreut, although in reality it is the two sides of the 
intact surface layer or membrane in tbe inactive regions which is 
the source.” 

The exact geographical pattern of the asynchrony of depolarization 
and repolarization is at present undetermined. The classical picture 
presented by Lewis and Eothsehild^^ has been questioned recently by 
Robb/- H. Wiggers/® and Abramson and Jochim.^^ 

Aside from this source of electrical curreut, which may be briefly 
stated as the asjTichronous depolarization and repolarization in the 
various regions of the heart, two other possibilities for the generation 
of electrical currents must be considered. The fir.st is the electromo- 



Fig. 2 . — This is a diagram representing the electrical field set up in a circular 
homogeneous medium by a simple bipole placed in the center, indicated by the soiici 
rectangles in the center. The solid lines indicate the lines of equipotential, the 
broken lines, the flow lines. The figures on the solid lines give the values of the 
potential lines in arbitrar>' units. /?A. LA^ and LL represent three electrodes place^l 
at the angles of a triangle and are equivalent to the right arm, left arm and left 
leg electrodes. The triangle in this figure is equilateral. Discussed in text. 

five forces set up the difference in the rate of migration of the posi- 
tively and negatively charged ions when depolarization occurs (cf. 
Katz^). The second is frictional electricity. In recent work (Katz, 
Sigman, Gutman, and Ocko^^) evidence was elicited that frictional elec- 
tricity can set up electromotive forces when mercury in contact vdth 
the lungs is rhythmically agitated; such forces wei'e demonstrated to 
occur in living unoperated dogs following the intravenous injection of 
mercury (Buchbinder and Katz^“). The exact role played by these 
latter two factors is still unknown, but in all likelihood they are of 
minor significance. 
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DISTRIBUTIOX OF ELECTRICAE CURRENTS GENERATED hY THE Hi;:.\.RT 
WITHIX^ THE BODY AS A WHOLE 

The distribution of the currents from the heart within the bodj' de- 
pends on the electrical properties of the various tissues composhijr 
the body. This jiliase of the problem can best be developed by means 
of simple models. In this laboratory we (Jochim and Katz^®) have 
used such models. If a large circular dish containing concentrated 
salt solution is used and two electrodes are immersed in the center of 
the dish and connected to a 60 e 3 'ele 110 volt alternating current, tlicn 
an electrical field is set up. Tliis can be defined b.v using exploring 



electrodes and a suitable method of measurement. (The method we 
used was suggested to us bj' Dr. A. Ivolin of this department. ) In this 
wa^' the lines of etpial potential in the field can be ma]>j)ed out, atid 
the linos of the current flow can be constructed as ortliogonnl tnijee- 
toi’ies. These lines will depict the distribtili<>n of the ele<*lrical tiov. 
and give information regarding the intensity of the flow of eurreni 
and the gradient of the ]iotcntial drop in the various parts of the field. 
The e.oneeniratiou of the lines of equipolential will give the potential 
drop, and the concentration of the lines of flon vrill give the intcjisily 
of the enrrent flow. 
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The result of such an exploi’ation is represented diagrainmatieally 
in Fig. 2; the lines of equipotential are shown as solid lines and the 
lines of current floAv as interrupted ones. It will he seen that the 
current flow and the potential drop are greatest near the battery and 
least at the peripheiy of the field. If, in such a field, recording elec- 
trodes are placed at the periphery as indicated by EA, LA and LL, 
they form an equilateral triangle, and the Einthoven concept would 
appl 3 >- accurately. In the hodj’-, however, these conditions are not ful- 
filled for several reasons: (1) the conducting medium of the body is 
not homogeneous nor is it spherical or circular; (2) the battery (the 
heart) is not centrally placed; and (3) the battery poles are of com- 
plex foi-m. Let ns consider the effect of each of these factors separately. 

The electrical field of the body has the shape of the body; the limits 
are determined by the poor conducting environment surrounding it, 
viz., the outer layers of the integument and the air. The appendages, 
the head and the limbs, it has been e,stablished, have so little of the 
heart’s current flowing in them and so small a gradient of potential 
drop (Wilson^") that they can be ignored without serious error. The 
shape of the electrical field can, therefore, be considei’ed to be that of 
the torso. The heart, furthermore, is not in the center of this field 
but is sternad and considerably cephalad from the center. Obviously, 
both the shape of the conducting medium and the location of the bat- 
tery in it will alter the electrical field. 

In Fig. 3 is shown dia grammatically the electrical field that is ob- 
tained in an ovoid, homogeneous medium having the battery displaced 
upward from the center. The three electrodes, EA, LA, and LL, no 
longer form an equilateral triangle. This fact has been ignored or 
dismissed as of no .significance, we believe unjustly, by many workers 
in the field. In fact, diagi’ams in many texts, of which Fig. 4 is an 
example, show at once how the positions of the three electrodes have been 
displaced to make the triangle appear equilateral. To accomplish this 
the body is foreshortened, the heart is put too far caudad, the leg elec- 
trode contact is displaced upward and to the light, and the arm electrode 
contacts are displaced laterally. It is not surprising that the Eint- 
hoven equilateral triangle concept has been questioned recently as to 
its practical utility (Zeisler,^® Zeisler and Katz,’^® Eyster and his co- 
workers,® Koeh-Momm,^® and Storti“^). Experience has convinced the 
author that the significance of axis deviation is not arrived at from 
the Einthoven equilateral triangle concept but rather on an empirical 
basis. Marked left axis deviation has been found, for example, in 
brown atrophy (Katz, Saphir and Strauss-^), in displacement of the 
heart to the right with rotation (Robinow"®) and, in accord with pre- 
^Ious ■workers, w’e have found that the direction of the electrical de- 
■viation in the dog and in man does not ahvays parallel the direction 
of the anatomical axis shift (Katz and Ackerman®^ and Katz and 
Robinow®®). 
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The bodj' is not a homogeneous conducting medium, Eystcr and 
his collahorators'’' liave sho-\vn elearlj" that the hlood-iilled compact 
muscle masses are sufficiently better eleetrieal conductors than tlie 
other tissues of the body so that the eleetrieal field of the body ap- 
proaches that of a jilane of homogeneous material, the greater dimen- 
sions of which are parallel to the plane formed by the standard limb 
electrodes. It can be shown that the introduction info a homogeneous 
conducting medium of conductors better and worse than the general 
medium will alter the electrical field set up by a battery in the 
medium. The amount of alteration will depend on several factoi-s: 



X.’iir. 4. — ^'rhls Is a reproduction of Fig. 96 from Wiggers:' Circulaiio» in Ilealjh and 
Disease (Eca & Pebiger, od. 2), v.ldcli is modlllori from Fig. 1 of Par. !•'»;'<•. Chmeitl 
Aspects of the Eh'cti'ocardiopram (Hoeber). Discussed in foxt. 

(1) the total volume of the nonhoniogeneous conductors introduced, 

(2) . the size of the individual masses of the introdneed conductor, (3) 
the disparity between the specific electrical conductivity of the intro- 
duced mass and that of the surrounding medium, and (4) the distance 
of the introduced masses from the source generating the currents. 
The effect on the electrical field will be greater as the total volume 
introduced is increased, ns the size of the individual masses is in- 
creased, as the dispai'ity between the specific electrical conductivity 
of the inti’odnced mass and the rest of tbe conducting medium is in- 
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creased, and as the introdnced mass is brought toward the current 
source. If an introduced conductor is not spiierical in shape, the 
effect will also vary, depending on how it is placed. When the in- 
troduced mass is a better conductor than the environment, it will 
push apart the lines of equipotential so that they are concentrated on 
its borders, and it will concentrate the lines of current flow within it. 
On the other hand, when the introduced mass is a poorer electrical 
conductor, the reverse will he true; it will concentrate the lines of 
equipotential within it; and it will spread the lines of current flow so 
that they are concentrated on its borders. 



Fig. 5. — This is a diagram representing the electrical field set up in an ovoid 
nonhomogeneous niffdium by a bipole placed eccentrical iy. Conventions as in Fig. 2. 
Open circle represents a poorer conductor, and the solid circle a better conductor than 
tiie rest of the medium. Discussed in text. 

Iji Pig. 5 is shoAvn diagrammatically an example of the alterations 
in the electrical field which were caused by introducing a poor elee- 
t]-ical conductor, like glass (open circle), and a good electrical con- 
ductor, like tin (solid circle), in the ovoid homogeneous medium shown 
in Pig. .3. The presence of such dissimilar conductors, even in a circu- 
lar field such as shomi in Pig. 2, might in itself be sufficient to pi-event 
the accurate application of the EinthoA'^en equilateral ti'iangle concept. 

Piually, the source of electricity in the heart is not a simple bipole but 
a battery Avith poles of complicated design, a design that changes rapidly 
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during the heart cycle, especially when the QKS complex is inseribod. 
The changes in design are a combination of the follo%ving: (1) the 
location and angle of the bipole within the heart, (2) the distance 
between the two poles, (3) the area of each pole, (4) the angle at 
which the two poles are placed in relation to each other, and (5) the 
three-dimensional shape of each pole. In actuality, the shape of each 
pole is complicated, and it does not lie in one plane. It is because 
of these factors that Eyster and his coworkers® found that when the 



Fig-. 6. — This is .T, diagmni representing tlio electrical field set up !n an ovoid 
lioniogeneous mccliuin by a bipolc of complex design placed eccentrically. The shape 
of the bipole as viewed from above is shown in the frame bciow. Also indicated 
are the points where it cuts tlic plane of the field mapped out Conventions as in 
Pig. 2. The flow lines have been omitted as tliey are so complicated tliat tlK-y would 
confuse the Illustration. Di.'^cussed In text. 

heart is placed in a uniform conducting field, the resultant electrical 
field is better fitted by two independent small bipolcs than by one. 
Actually, however, the battery consists of two poles, a positive and 
a negative one, of very complex design, and it does not lend itself 
readily to reduction to simple theoretical bipoles. 

In Fig, 6 is shown diagrammatically an example of the alterations 
in the electrical field which were caused by substituting a bipole of 
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complicated design for the simple one used in Fig. 3. The marked 
alteratioJi in the field is readily seen by comparing the two figui’es. 

All of these facts have been known to the majority of workers who 
have delved deeply into the subject of the electrical field, but there 
has been a tendency to minimize the significance of the variables we 
have outlined above with the result that the Einthoven equilateral 
triangle concept has been accepted by most electrocardiographers as 
axiomatic oi’, at least, as a good approximation to an accurate presen- 
tation of the conditions. It is the experience of the author that ex- 
cept in the hands of a few who recognize, as did Einthoven liimself, 
the limits of his concept, the concept has confused rather than clari- 
fied our understanding of the electrical field. A return to the more 
general view as outlined in this section should serve to clarify the 
problem. 

THE INFLUENCE ON THE DISTRIBUTION OF THE ELECTRICAL CURRENTS 
WHICH RESULTS FROM THE VARIABLE ELECTRICAL CONDUCTIVITY 
OF THE TISSUES HIJIEDIATELY' IN CONTACT WITH THE HEART 

A further factor complicating the general problem outlined in the 
preceding sections defining the genesis of the heart’s electrical cur- 
rents and the properties of the conducting medium of the body is the 
important part played by the electrical conduetiwty of the tissues 
which serve as the bridges between the heart and the body. Recent 
work in this laboratory has shown that these bridges in contact with 
the heart are not uniform in their ability to conduct away the cur- 
rents which the heart generates. Not all regions of the heart are in 
contact with good electrical conductors, and some regions are in con- 
tact with poor electrical conductors. It is obwous that those that are 
in contact with good conductors have a decided advantage over other 
regions of the heart in their influence on the electrical field. The 
evidence for this viewpoint is summarized below. 

We have found that the electrocardiographic contour of experi- 
mentally induced pi-emature contractions from fixed points of the 
heart can be readily altered bj' shifting the position of the heart 
(Katz and Ackerman-'*) or by introducing a metal shunt between a 
region of the heart and some part of the body (Abramson and Katz*^**). 
We have found also that the electrocardiographic contour of a fixed 
type of intraventricular block can be altered by a shift in the position 
of the heart both in the experimental animal (Ackerman and Katz-') 
and in man (Kissiu, Ackerman and Katz^®). It can also be altered in 
the animal bj' introducing a metal shunt between a region of the 
heart and some part of the bodj' (Abramson and Katz-**). An assay 
of the electrocardiographic contour of various types of intraventricu- 
lar block in man has shown further that the contour does not always 
coincide with the functional evidence of block in the right and left 
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ventricle (Katz, Landt, and Bolining-^). The elecirocardiographic 
evidence of mj^ocardial infarct location obtained in man from the 
standard three loads does not always fit with the location established 
post mortem (Saphir, Priest, Hamburger, and Katz“^). Injury with 
alcohol witlmi a large regioji of the dog's heart does not give a constant, 
type of electroeardiograpliic deformity (Korey and Katz'*^), iUl 
these facts suggested tliat the location of defects in the conduction 
system, of ectopic pacemakers, and of injured regions within the 
ventricles is only one of the factors wliich determine th.eir electro- 
cardiographic contour. Another factor which appears to be impor- 
tant is the position and shape of the heart. 

Another line of evidence which we have recently uncovered i)oints 
to the same deduction, I,Ve found that surrounding the ventricles by 
insulating material (a glass oncomete?*) greatly decreased the magni- 
tude of the ventricular complex in the standard three electrocardio- 
graphic leads. Analysis showed that such insulation tends to confine 
the currents generated to the heart. The introduction of insulators 
(rubber sheeting) between the heart and various parts of the sur- 
rounding structures had an unequal elTect, depending on where the 
insulator was placed (Katz and Korey^-). The results are summarized 
in Table I taken from this report. This disparity in action was taken 
as evidence indicating dispailty in the electrical eojidnctivity of the 
various structures adjacent to the heart. The lungs and the large 
systemic and pulmonary ve.ssels coming off from the liearf were 
found, ill this waj^ to be poor conductors, while the muscular struc- 
tures of the chest wall, especially the diaphragm and posterior para- 
vertebral muscle mass, were found to be good conductors. 

Experiments of a converse nature were done with good conductors. 
Thus, when the heart was surrounded by a metallic conductor, a de- 
crease in the electrocardiogram in tiie standard three leads was ob- 
tained (Katz, Signian, Gutman and Oeko^^). This result is attributed 
to the fact that the good conductor shunts back tlio currents gener- 
ated and so tends to prevent the currents from jias-sing to the re.st of 
the body. The effect of insulators and excellent conductors in elec- 
trical fields is well known to physicists. Alterations in the contour 
of the standard three-lead electrocardiograms were, also obtained by 
a similar shunting action when warm isotonic saline was j)la*-ed in the 
dog's chest.^'* 

Furthermore, evidence was secured that the introduction good 
electrical conductors adjacent to the heart altered the electrical 
records obtained when leading directly from the heart or rrhcji the 
leads were a combination of one electrode on the heart and another 
at a distance fi'om it.^^ The action of these introduced enralnetors 
was shown to depend on (a) their offering a by-pass foi* the currents 
generated by the beart, thereby decreasing the amount jsassing 
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through, the galvanometer eirenit, (b) their altering the path taken 
by currents to distant points, and (c) their altering the relative con- 
tribution of the various regions of the heart to the recorded electrical 
curves. These experiments with introduced good electrical conduc- 
tors show how the electrocardiogram can be modified by altering the 
contacts with the body and support the general concept that the natu- 
ral contacts play an important role. 


Table I 

(Taken Prom Katz & Koreysz) 

The Effect of Insulating the Heart on the Sum of the Major Deflections 
OP QES IN THE Three Standard Leads 
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± is equivalent to decrease of from 0 to 15 per cent. 

+ is equivalent to decrease of from 15 to 25 per cent. 

+ + is equivalent to decrease of from 25 to 50 per cent 
+ + + is equivalent to decrease of from 50 to 75 per cent. 

+ + + + is equivalent to decrease of from 75 to 100 per cent. „ , 

Note : The sums of these percentages, because of the roughnes.s of the approxi- 
mation, of course do not give iOO per cent. 


Evidence of a similar sort was obtained in another way. Katz, 
Gutman, and Ocko®^ demonstrated that certain regions of the heart 
may gain a decided advantage over the rest merely because they are 
in contact with a good electrical conductor, protdded they are nearer 
to one of the recording electrodes. This was shown by connecting 
various regions of the heart with vmrious parts of the body by means 
of a good electrical nonpolarizable shunt. The region of the heart so 
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shunted sets up its own electrical field, which summates with that set 
up by the heart through its natural contacts. The alterations obtained 
were of two sorts (or intermediate or mixed forms) ; (a) diphasic ad- 
ditions when the region in the heart under the shunt electrode was 
not injured and (b) monophasie additions when the region under the 
shunt electrode was injured. The direction and magnitude of the 
electrical addition were found to depend on the resislance of the shunt 
circuit and the distance between the point of the shunt on the body 
and the recording electrodes. The two types of additions arc dia- 
grammaticall}'' represented in Fig. 7, where the two directions they 
may take are shown by curves A and B and the variation in magnitude 
by the arbitrary scales at the left. 

Following up the view that there is an electrical field, we have 
explored, reeentl.v, the lines of equipotential inscribed on the surface 


r-+S r'ti 



Fig. 7. — This is ii cliagratn (previously publi.shcd“) sliowinK two types of .KMitions 
which can be obtained when a rojrion of the lic.art is .shunted to the body by a pood 
electrical conductor. On the left are the diphasic, and on the right are the monopha- 
sic tvpes of additions. A and n represent the two directions tliesc additions juay 
take." Tlic arbitrar.v .scales on tlie left rcprc.sont the variou.s niagnitudc.s the addi- 
tions may take. Discus.sed in text. 

of the body (Robinow, Katz, and Bohning''**). We have so far, be- 
cause of its relative simplicity, confined ourselves to the part of the 
heart cycle during which the T-wave is inscribed. The potential of 
the peak of the T-wave at various points on the body was noted, the 
potential being determined as a relative value compared to that of 
the leg. Wliile the potential at the leg is not zero and the peak of the 
T-Avnve is not homologous in the various S])ots, the error.s introciueed 
in these, ways are of no real significance for the use avc made of the 
data. We found that the lines of equipotential were more coneeri- 
trated over the prccordium than elsewhere and were irregular in 
shape. We have paid particular attention to the line having n poten- 
tial equal to that in the leg; that is, the places on the body on v'hich 
no Trwnvc appeared when they were connected through a gnlvanmueter 
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to tlie leg. This line we have called the line of “leg potential.” This 
line was foimd to vary in its position under different clinical condi- 
tions. Li Fig. 8, for example, is .shown the complicated course taken 
hy the line of “leg potential” during the peak of the T-wave in a 
fifty-year-old subject with congenital heart disease. It is difficult to 
see how the simple concept of the Einthoven triangle could explain 
the results obtained, whereas it fits into the electrical field concept 
deduced from our work. 

The importance of good electrical contact in giving particular re- 
gions of the heart an advantage was shown b 3 '- a different type of ex- 
periment (Katz, Grutman, and Oeko^^). Figure 9 illustrates the re- 
sults. In this dog the heart had been separated from the posterior 
paravertebral muscle mass so as to permit the application of a boot 



Kig. 8. — This is a diagram showing tlie complicated course taken by the line of 
*‘leg potential" during the inscription of the peak of the T-wave in a fifty-year-old 
subject with congenital heart disease. The line of "leg potential" represents the 
points on tlie surface of the torso in which no T-wave would be registered when the 
precordial electrode located there is connected with a second electrode^ on the left leg. 
This line separates regions which w’lth this lead combination give positive and negative 
T-waves, (Modified from figure already published.®^) Discussed in text. 

electrode on the posterior .surface. This boot had produced injury 
beneath it. It had been removed, however, when segment A was taken. 
Segment A shows the usual tj^pe of electrocardiogram obtained -^vith the 
heart in this position. When, however, the heart was placed back in 
contact with the po,sterior paravertebral muscle mass (segment B), a 
marked monophasic addition was obtained in Leads II and III. This 
monophasic addition disappeared when the heart was returned to its 
preexisting position (segment C)- It is obvious that the injury had 
persisted after the boot was removed but did not affect the electrocardio- 
gram because it was not advantageoiiisl.v situated. B.v placing this 



KAT7. ET AE. : 


XEW CONCEPT OF OKXEHIfs op ELECTHOCAIiniOOUAM :n 


injured area in contact with a good electrical conductor, the. posterior 
l)ara vertebral muscle mass, it gained sufficient advautage to dominate 
the curve. The change in contact of the Jieart in its two positiojjs is 
illustrated diagraramatically in Pig. 10. This experiment show.s that 
regions of the heart at a disadvantage in contributing to the electrical 
field can gain a definite advantage by being brought in contact with 
a good conductor. It demonstrates graphically what is accomplished 
Avhen precordial leads are employed. Here, however, instead of mov- 



Fig-. !). — Series of electrocardiograms sdiowing the importance of good electrical 
contact of an Injured area of the lieart in bringing out tlic oharactorl.stio contour. Tl»e 
Injured area in this open-chested anesthetized dog was located posteriorly on the 
ventricle.?. Segments A and C show the standard three lead.? when the apc.v of the 
heart was moved up and tlie heart separated from the postoi-ior paravertebral mu.scies. 
.Segment JB shows tlie standard three leads when the heart was brought m contact 
with this muscle mass. (Previously published.”) Discussed in text. 



tlie 


10. Tills is a diagram of a .cagiitnl section of the oiK'-n-chested dog showing 

i..e two positions of the heart from wliich tlie records in Fig. ? were obtained ; dotted 
heart outline when segments A and <7 were recorded, solid heart outline when segment 
It was recorded The injured area i.? shaded. The good electrical conductor.' are 
-shown on the heart as shaded ann..«. Dl.'cussed in text. 


jug tbc heart, the recording electrode is brought closer to the •‘silent 
areas. It is a case of “I^Ioliamraed going to the mountain” instead 
of the “mountain going to jMobammed. ’ 

In view of the evidence presented above, it i.s apparent that change.s 
in the electrocardiogram can result from variations in the relative 
position of the electrical condnctor.s in contact with the heart. This 
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may be caused either by alterations in the position or shape of the 
conductors or by changes in the position or shape of the heart itself. 
As a result, regions of the heart wliich normally exert a great influ- 
ence on the electrocardiogram may become ‘"silent,” while other re- 
gions previously “silent” may now exert a prominent effect. 

Such changes in the contacts between heart and body occur during 
the heart cycle. It follows that the regions of the heart which play 
the dominant role in giving rise to the T-wave may be different from 
those giving rise to the QRS complex. 

Such changes in the contacts between heart and body occur also 
during respiration and thus account for the variations in the electro- 
cardiographic contour seen during the respiratory cycle. Displace- 
ments of the heart alter the contacts between heart and body, as do 
liypertrophj’’ and dilatation of the various heart chambers. The elec- 
trical evidence of axis deviation and preponderant hypertrophy may 
thus turn out to be the result of these changes in contact rather than 



iris'. 11. — ^Tiiis is a diagram of a cross-section of the human body at about the 
level of the middle of the ventricles to represent the location of the various types 
of electrical conductors in contact ■with the heart which serve to bridge the gap be- 
tween heart and body. The good electrical conductors arc shaded, and the poorer 
ones are left blank. The blood-filled cardiac cavities are stippled. The vertical line 
shows the plane in which Fig. 12 was drawn. Discussed in text. 

of some hypothetical re.sultant vector dependent on the spread of the 
impulse within the heart. The occurrence clinically of tremendous 
axis deviation in the absence of intraventricular conduction disturb- 
ances Avould lead to the inference that the axis deviation in intraven- 
tricular block might he due, in part at least, to a similar cause. It is, 
therefore, unjustifiable to ascribe the entire disturbance to alteration in 
the spread of the impulse, and ignore the influence which position and 
.shape changes in the heart have in modifying the contacts between 
the heart and the body. A similar argument holds also in locab'zing 
regions of infarction. In other words, account must be taken not only 
of the inti’insic changes within the heart, but also of the contacts be- 
tween the heart and the body. Our results, given above, point clearly 
to this conclusion. 

Edema in the tissues surrounding the heart, and solid tumor masses, 
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by alterin'^ the electrical nature of the eonlacts between lieart and 
body can modify tJie electroeardiofrrara. Infarcts of the lung', when 
adjacent to the peri cai’d him, should also haA’e a similar effect. Evi- 
dence of this sort, however, is still incomplete, and further work along 
these lines is indicated. 

To recapitulate, our re,sults indicate that the electrocardiogram is 
not a summation of eA'ents occurring in all parts of the heart but is 
primarily a summation of events occurring in those regions wliich are 
in contact with the better electrical conductoi's. Other regions play 
a relatively lesser role. 

Prom the evidence elucidated, we have attempted in Pigs. 11 and 
12 to indicate the relations of the better and poorer conductors in 



Pig. 12. — ^Tlii.*? is a diagram of ,i .sagittal section of tlic imrnnn body to represent 
the location of the various types of electrical conduclor.s in contact with the licart 
which .serve to bridge the gap between the heart and body. Conventions a.s In Pic. 
11. The horizontal line .shows the plane in wlilch Fig. 11 was drawn. Discu-ssed In 
text. 

contact with the heart of man. Figure 11 is a diiigram of a cross 
section of the human body at :ibont the level of the middle of tlie 
v(*ntricles, and Pig. 12 is a diagram of a sagittal section of the human 
body. The heart muscle, the liver, and the chc-st walls are shown 
as solid black areas to indicate that they arc good electrical conduc- 
tors. The blood-filled cavities of the heart arc stippled, and rhe Iting.s 
and alveolar raedia.stinal spjices are left blank to indicate tliat they 
are poor electrical conductors. According to llie exjieriments with 
models onllined above, the electrie cnrreiifs will flow primarily through 
the solid areas. The How lines will be most eoneoitrated anteriorly 
wliere the good condnetoi-.s are thinner than elsewlnn-e in the chest; 
this will also be trtie of lh«' lijio.s of equipoteulial.® The potcjitial 

*Th»^ reason for ttiis i.« Sfiat when deatfng witii tqu.'iliy good CTndugtor.- in p-it-.-iiO-l 
.««;p!tratcd by a poorer conductor, the tidnner one wil! I’.avo Use tivtre ronr'.ntr.tt- tl 
current fio%v. 
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gradient in tliis region Avill also be steepest. In the lungs the current 
flow will be the least and the potential gradient the most gradual. 
The conditions as to current flow and potential gradient will be inter- 
mediate posteriorly and eaudad. 

According to the concept presented, the regions of the heart which 
■will have the greatest effect 021 the distant electi’ieal field and lienee 
on the electrocai’diogram will be those in contact with the diaphragm 
(the eaudad regions of right auricle, right ventricle and left ventricle) 
and those in contact with the postei'ior paraveidebral muscle mass (the 
base of left venti-iele and the posterior aspect of left auricle). The 
anterior surfaces of the right auricle, right venti’icle and left ventricle 
in contact with the anterior chest wall over the preeordium Avill have 
a less important influence, while the i-est of the heai’t shielded from 
the body by the lungs will have an unimportant influence, especially 
in the upper latei’al parts of the heart where the lung is so thick that, 
practically, it completely shields these parts of tlie heart from the 
chest walls. The dift’erenee obtained in the expei’iments of Katz and 
Korey®^ between the electrical conductivity of the lungs and that of 
the muscles is so mai’ked — being of the order of 1 to 10 in the open- 
chested animal — that the diffei’ences outlined above cannot be dis- 
missed as of little actual significance. This gi’eat difference in con- 
ductivity, we believe, is pi'imarily I’esponsible for the “silent'*^ re- 
gions of the lieart. 

SUMMARY 

The eleeti'oeai'diogram as sliowit by the evidence presented above, 
is a recoi’d of events in favored I’ather than in all regions of the heart. 
It registei’s the play of electromotive foi’ces set up fi’om moment to 
moment in these favored spots I’ather than the balance of the electro- 
motive foi’ces set up in the entii’e heaid. It gives the oi’der of invasion 
and retreat in these favoi’ed regions and depicts disturbances in these 
pi’oeesses, pi’imai’ily as the.v affect these favoi’ed regions. Similarly, 
it reveals injury currents affecting these particular i-egions but misses 
injui’.y curi’ents in other regions not so favoi’ably situated. Tlie pi’c- 
cordial leads are fi’om this viewpoint a method of bi’inging out into 
the open lesions in regions of the heai’t which are not fa^mrably 
situated for notice by the ordinary distant leads. 
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HEART DISEASE IN CHILDREN^ 

A. Rheumatic Group 


I. Certain Aspects of the Age at Onset and op Recurrences ix 488 
Cases op Juienile RHEU3iATisai Ushered in by I^Djor Clinical 

jManifestations 

Ie\T[ng R. Roth, M.D., Claire Lingo, M.A., and 
Alice Whittemore, A.B. 

New York, N. Y. 

T his report is liased on a study of 488 rheumatic children. It 
deals with the clinical aspects of the age at onset and of recurrences 
in juvenile rheumatism. The children were selected exclusively on 
the basis of nwjor rheumatic affections^ as the first manif esiaiions 
of the disease. This method of selection makes easy the identification 
of the disease and utilizes well-defined initial episodes as reliable 
points of reference in timing recurrent affections. The cases con- 
stitute a subgroup of 750 eases of rheumatic fever observed in the 
Children’s Cardiac Clinic of Mount Sinai Hospital, of which the popu- 
lation followed in the course of fifteen years was 1,107. Since all these 
eases are intended to serve as material for future studies related more 
or less to the subject of this paper, the original group is classified and 
presented in Table I. It is dmded into three parts: A, rheumatic 
group ; B, congenital cardiacs ; and C, cardiac suspects. 

The rheumatic group consisting of 750 patients has been further 
subdi%dded (Table I). The members of subdi\usions 1, 2, and 3 have 
in common a history of at least one acute major rheumatic episode.! 
Patients vuth a history of fleeting muscle or joint pains only, though 
heart disease was present, were not included. 

*From the Children's Cardiac Clinic of the Mount .Sinai Hospital and the Heart 
Committee of the New York Tuberculosis and Health Association. 

This paper is Number X in the series “Statistical Studies Bearing' on Problems in 
the Classification of Heart Diseases." 

tThe term "rheumatic affection" is employed instead of "rheumatic Infection" 
not because of doubt as to the infectious nature of acute rheumatism but to indicate 
reference to clinical forms of the disease. 

tBy major episodes are meant well-defined clinical forms of juvenile rheumatism 
such as acute polyarthritis, carditis, or chorea. 

Cases of clinical polyarthritis are tho.se which exhibit migrating Joint pains ro- 
fiuiring rest In bed. Ambulatory case.s. with mild mu.scle and joint pains or “grow- 
ing" pains, were not included in this group. 

The diagnosis carditis was made preferably during .stay' in a ho.spital. It wa.s 
made only when it was recognized ap an .acute clinical manifestation but was not 
-assumed to he present at the time of discovery of chronic valvular disea.se, since the 
cardiac lesion may Iiave developed insidiously. 

To accept the diagnosis of chorea on hlstori- is not diflicult since a description of 
tljis disease is generally unmistakable. Diagno.sis without .sufficient description is 
unreliable. Such cases were excluded. 
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»Su])divi.sioii 4 wo closigiuifc os yrcsinnnhJij rheumaiic bc‘<'onso, Jjuni^lt 
a definite juajor rheninatic episode was not traced, the presence of 
mitral stenosis is taken as evidence of rlieumatic afl’ection. 

The designation yrohahhj rheumaiic in s-uhdivision 5, implies doubt. 
It is emploj'cd to indicate that a well-defined clinical form of .-iuvcniic 
rheumatism has not been traced. All eases in this subdiwsion exhibit 
well-defined cardiac valvular defects such as mitral insufficiency, 
aortic insufficiency, or both. We find it desirable to designate these 
cases as probably rheumatic in order to separate eases in whicli tlierc 
is a clear rheumatic background from those in wljich it is merely 
inferred. 

The data were gathered in several ways. 1. Patients who were in 
continuous attendance at the Children’s Cardiac Clinic, or who had 
been transferred to our Adult Cardiac Clinic, afforded the most de- 
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A — Eheuniatic (C V D) 

523 

47.2 

50 

21 

21 

■131 

2. 







(dnss JO anil J'^ , 

.5fi 

5.1 

5 

0 

0 

51 

3. ' 







Class F 

() 

0.5 

0 

0 i 

0 

6 

Total (1, 2, and 3) 

5S5 

52.8 

55 

21 I 

21 

4SS 


4. 

Presumblv rheumatic 
Total (1,*2, 3, and 4) 

63 

61S 

! 

5.7 1 
5S.5 

5. 

Probablv rlieumatic 
Total (i. 2. 5, 4, and 

5) 

102 

750 

9.2 

67.7 

C). 

n — {’oiigenital H. H. 

70 

7.1 i 

1 

7. 

— (hirdiac ,?uspe(’t? 
(Class E) 

,278 

) 

25.1 1 

1 

’ i 

Grand Total 

1107 

99,9 


rheumatic inanifcstation; well-definCfl 
cardiac v:ilvular defects. 

3, History of one or more atf.acks of a major 
rheumatic manifestation; phrsical figns 
aimormal, but not descriptive of organic 
Jioart disease. 

History of one or more attack? of a major 
rheumatic manifestation; no phyi.-icai Fspi? 
to suggest a valvular defect. 

No definite history of a major rheunintlc 
manifestation; %vell-defuicd vah-aLir de- 
fects, inchuJint} -mitral strnosis. 

Xo definite history of a major rlicamr.tic 
luanifeptation: veil -defined VTilvnlar de- 
fects. r,ot inci’Jdinp mitral xtcrosir. 


•In 20 of these vjilvulur lesion, also, nrecoded major manifestation. 
.M. A- J., ituiscle and joint. 








38 


THE A^MERICAN HEART JOURNAL 


pendable records. 2. A social worker* attempted to bring back to 
the clinic, at least once, those who were no longer in actual attendance 
in order to obtain intciwal histories and examinations. 3. Of patients 
treated during the interval in other hospitals or eonvalescent homes, 
information was gathered from interviews with the family or family 
physician, a perusal of the ho.spital records, autopsy reports, or death 
certificates. In this group we included cases only when the original 
records contained dependable information. 

Distribution According to Sex . — Tliere were 240 (49.2 per cent) males 
and 248 (50.8 per eent) females. This distribution is .similar to that 
in the entire rheumatic group as well as in that of the basic group of 

Table 11 


Age at Beginning of Obsekyation 


AGE 

NO. 

PER CENT 

CUJfUIATlVE 

PER CENT 

2 

1 

0.2 

0.2 

.3 

S 

].C 

1.8 

4 

10 

2.0 

3.8 

5 

17 

.3.0 

7.3 

6 

24 

4.9 

12.2 

7 

41 

8.4 

20.6 

S 

40 

9.4 

30.0 

9 

52 

10.7 

40.7 

10 

55 

11..3 

52.0 

11 

53 

10.9 

G2.9 

12 

65 

13.3 

7C.2 

13 

47 

9.7 

85.9 

14 

42 

8.6 

94.5 

15 

19 

.3.9 

98.4 

IG 

6 

1.2 

99.G 

17 

2 

Total 488 

0.4 

100.0 

300.0 

Me-T)] 

]0.1 Vf“!ir.« 




1,107 eases. In the wliole rheumatic group there were 344 (45.9 per 
eent) males and 406 (54.1 per cent) females. In the basic group there 
were 532 (48.1 per cent) males and 575 (51.9 per cent) females. 

Age at Beginning of Observation . — In studying juvenile rheumatic 
heart disease the group selected should be representative of childhood. 
Initial observations should be begun before puberty. Observations 
first undertaken at a later age preclude the probability of obtaining 
dependable histories. Statements made later are often vague irith 
reference even to major manifestations. Earlier hi.stories are likely 
to contain records of milder flai’es, .since the initial affection may date 
back only two or three years. 


•A full-time social worker v/as assignetl for about two years to locate patients 
w3io could not be reached by the usual means of communication. Contact was often 
made through such indirect" channels as interviews with former neighbors and rela- 
tives ; through records of other ho.spitals and clinics ; or through other social sen'ice 
agencies. We are indebted to Mrs. Henry F. Olazer and to the Social Sendee 
Auxiliary' of Mount Sinai Hospital for the social worker who was assigned to assist 
in this study. Statisticians and clerical p.id were provided by the Research Committee 
of the Kew York Heart Association. 
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The age at first observation was in most cases witiiin tiic ])erio(.l of 
childhood (Table II). The mean age was ten years. Twenly-bve 
per cent were first examined before 7.5 years of age, and an addi- 
tional 50 per cent between 714 awd twelve years of age. Over 94 jK-r 
cent were under observation on attaining fourteen years of age. 

Inierval Between. Initial lihcumatic Manifestation and Bcginninff of 
Period of Ohservation. — The patients came nnder observation at vary- 
ing intervals after their initial major rlicumatic alfection (I"ig. 1). 
iMost of them, hoAvever, were first obsor^•od cither during the same 
year as, or a few yeai’s after, the initial c2)isode. In a few isolated 


% 



% 




to 
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tt. 


xo 


iy 


Initial Hhcuniillc Affection 


Kig. 1. — Interval between initial rbcinnatic nianifertatioTi an 1 bci,nnninfc .T ef 

obsin-vation. 


eases observation began from one to ten years liofore the first major 
rhewmatie alTection, but this number was negligibly small (U, or 9.3 
per cent). A far gi-eater number (28.5 per cent) was observed during 
the year of initial atlection than in any other year. Next in frequency 
were those who came under observation one. two, and three years 
later. The mean interval lietween tlie. year of initial alTection and 
the year of fir.st observation was two and three-1 entlis year.s. 

Duration of Olrscrration Binee Initial Bheumalic Manifestation. — Tiie. 
interval between the, initial affection and the end of the period of 
ob.servation in this selected group averaged eight years (Fig. 2). 
Sinee these children came nnder active (dinic eare nhmd two years 
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aftei’ their first affection (see preceding section), the period during 
which the course of the disease lias been actually observed is less 
than six years. However, since the disease was ushered in by a major 
rheumatic affection in all these children, the majority had been at- 
tended either in hospitals or by private physicians. The records give 
satisfactory information, therefore, of the length of the period between 
initial episode and first observation. Eight years, consequently, may 
be considered as the mean duration of observation. 

Initial Major Rheumatic Affections, Grouped' According to Type . — 
Polyarthritis was the most common type of initial affection (Fig. 3). 
It was present in 66 per cent (322) of cases. It was the only apparent 
affection in 45 per cent (220). Associated ivith carditis, it was present 
in 16 per cent (79) ; and with chorea, in 4 per cent (18). 

Carditis was present in 32 per cent (158) of cases. It appeared alone 
in 14 per cent (68). The remaining eases were associated mainly with 
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Fig. 2 . — Duration of ob.serv'ation since initial rheumatic affection. 

polyarthritis, that is to say, in 16 per eent (79), as already stated. 
Carditis was associated vdth chorea in only 1 per cent (6). 

Chorea was present in 25 i>er cent (121). It occuiTcd alone in 19 
per cent (92). Its association with polyarthritis and carditis has al- 
ready been mentioned. 

A combination of the three major rheumatic affections as an initial 
jnanifestation was rare. It occurred in only 1 per cent (5). 

Types of Initial Affections hy 8ex . — ^lYhen the sexes are considered 
separatel}', polyarthritis was the most common initial manifestation 
of the disease in girls as well as boys. However, one and one-half 
times as many girls as boys exhibited chorea as the first evidence of 
rheumatic affection (Fig. 4). A concuiTcnce of chorea and carditis 
was observed somewhat more often among girls than boys. The num- 
ber of these cases, however, is far too small to permit of any general- 
ization. 


Pationts CuauIatlTd Fl^queney 



41 


ROTH El’ Ah. : HH\RT DISEASE IN CHILDREN 

AGE AT ONSET OF AIA.JOR RHEUAIATIC AFFECTIONS 

The age at onset of juvenile rlieumalisin lias been studied over many 
years, especially in England and the United States. AVc have found 



Fip. 3. — The miniher of cases in each initial major i-heumatlc affection according to 

type. 

1!a1o 5 rtsUtt 



j.'ij;. .j. — Thi' number of oisx'.-i in each type of Initii-.i nfi’cctien by 


no reporls in the literature dealing with groups of patients in whom 
the initial manifestations of the disease consisted cNclu.sivcdy of major 
rheumatic episodes, which would mahe them eomparable, hovfcver.^ 
to the data presented in this paper. 
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In the literature the age at onset is generally regarded in a broad 
sense as representing an age period. Most writers refer to the span 
live to fifteen years as the period of greatest incidence of first mani- 
festations of rheumatism.^’ ’’ ° Some narrow the age group down 

to the years seven to twelve,® while still others limit it to tlie age 
period ten to twelve years.' 

Tlie mean age at onset, as given in the literature, ranges from about 
seven years®’ to as high as nine years.^ 

TJie mode or year of greatest incidence varies similailj- in different 
reports. The most common estimate is the seventh or the eighth 
year.-’ ®’ Some have found it as low as the sixth or the seventh 

year.’® In contrast to these, one report, based on 1,000 cases compiled 
over some thirty jmars, concludes that the highest incidence of “rheu- 
matic heait disease” is “around the Icntli year.” Tiiis author’'* states, 
in addition, that the incidence of acute rlieumatism is relatively infre- 
quent before five years of age, although it is his impression that the 
disease is more frequent than is generally recognized. He adds a 
revicAv of 100 eases of acute juvenile rheumatism which he observed. 
Among these he found that 13 per cent had their first attack betAveen 
the ages of three and five years. 

The discrepancy in the literature is due to several factors. Not 
only the size of the groups but also the age limits of the groups vary 
Avidely Avith different reports. Some groups consist of only 50 cases;^ 
others are as large as 1,000 eases.’'* The age groups in some reports 
are limited to children beloAV ten years of age,’®’” AA’hile in others the 
study includes not only children and young adults but also the 
aged.®' Perhaps CA'cn more imijortant than these is the utter lack 
of uniformity in criteria in the literature as to Avhat constitutes acute 
rheumatism. Equally difficult is the task of tracing the initial episode 
Avhen the disease takes an ill-defined form. Some authors compile their 
rheumatic series on the basis of “rheumatic pains,”” AA’hieh include 
“groAA'ing pains” as aa’oII as “pain and SAvelling of the larger joints,” 
and “j'heumatic carditis” Avhich turns out to be A'ah'ular lesions A\dth- 
out any “other manifestation of rheumatism.” Others^* deal Avith 
the incidence of “rheumatic heart disease” only. Still other authors,'’ 
by including cardiac involA-ement as cA'idence of active rheumatism, 
base their diagnosis on such findings, at times, as tachycardia, cardiac 
enlargement, extrasystoles, or murmurs. With the assumption that 
in isolated eases such findings are of diagnostic importance in that 
they help to j’ound out a clinical picture of acute cai’ditis, it must still 
be admitted that there is no iiniform agreement among different in- 
A’c.sti gators as to the actual significance of these findings. 

Finally, there still remains the problem of a careful compilation of 
statistical data and the interpretation of graphic records. In an at- 
tempt to arriA'c at a figure representing the aA’cragc age in childhood 
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at which rheniaatic affection begins, two points must ])C kept in mind: 
first, the size of the sample, and .second, its constitution, Obmously, 
ill a relatively small sample, partienlarly such as is usual in the expe- 
rience of a single observer, even after many years of experience, the 
mean (aritlmietic average) is affected by a few extreme cases at 
either end of the scale. Before iilaeing too great dependence on the 
mean, the whole curve must, therefore, be taken into consideration, 
and the mode (the age at wliich the greatest incidence occurs) should 
be considered as possibly more typically descriptive of the series. 
Furthermore, the samples must be homogeneous to sucli a degree as 
will make the comparisons valid. The age limits included in any 



Ape 

5. — Ago at on?et of thv major rhr-umattc affootions. 


given series of cases naturally affect the mode as well as the mean. 
A sample tliat is drawn from a clinic in wliicli tlie upper age limit for 
admission is twelve years will, for instance, present a different curve 
from one in wjiicli the upper age limit is sixteen years. An average, 
to be nsefnl, must he typical of actual conditions. These are factor.^ 
tluit must be kept in mind when comparing the observations reported 
by different authors. 

■Age at Onset in the Group Selected for IViis Studg . — The mean age 
at first manifestation of jin'enile rheumatism in our group of 4S8 
children in whom the disease was ushered in by a major mnniicstation 
was eigld years, and the mode, or higlie.st ineidenee. was at seven 
years (Fig. 5). The smoothed curve show.s llie lieight of incidence 
iis early as the sixth year. Tliis height is practically inaintrdiK-d uj) 
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to the age of eight years, after \vliieh the cim'c slopes gradually. It 
is interesting to note that 26 per cent of this group experienced a 
first rheumatic afEection within the first five years; 36 per cent within 
the first six years; and that as many as 78 per cent already presented 
a first affection by the end of the tenth year. In over 90 per cent the 
age at onset Avas less than tAvehm years. In other Avords, in oneffourth 
of the children the initial major rheumatic affections appeared AAuthin 
the preschool age, and in most of the remaining three-fourths it oc- 
curred before the thirteenth year. 

It is possible that our group is distinctive only in that it represents 
eases in Avhich the disease had a stormy onset, Avhile the groups studied 
by other Avriters represent those eases also in Avhich the disease had 



an insidious onset. The agreement in the age incidence of first affec- 
tions betAveen our group and some of those reported suggests that, 
generally speaking, the so-called rheumatic pain may Amry Avell be 
the first manifestation of rheumatism in childhood. 

A further analysis brings out several interesting features of the 
disease, not quite apparent in a general survey of the subject. We 
find, for instance, that the mean age at onset is A'cry close for the tAVO 
sexes (Pig. 6). It is .slightly earlier for girls than boys. But the mode 
or highe.st incidence of initial rheumatic affections is at a definitely 
earlier age in the case of boys. First affections among boys occurred 
in greater numbers at about six years than at any other age, Avhile in 
girls, the highest incidence Avas reached during the eighth year. 
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Age ai Onset for Patients Grouped According to the Type of the 
Initial lihenmatic Affection. — Par more revealing is tlic analysis of 
the age at onset for the clilfercni clinical types of first alfcctious — 
polyarthritis, carditis, carditis with polyarthritis, ami chorea (Pig. 7). 
We find that the mode or the highest incidence of a first manifestation 
of these major affections varies definitely with the type of the affec- 
tion. For polyarthritis as a first affection the mode is readied at 
about the age of five years; for carditis, at six years; while, for chorea 
it is delayed to the ages of seven and eight years. Fm’therraore, while 
polyarthritis and carditis occur in at least 20 per cent of cases in the 

1 

I 



7, — Age at onset in each clinical iyvo of tlic major rheumatk: nlTccUons. 

preschool ages, the curves depicting the incidence for these affections 
tend to continue more or less high up to ten and twelve years. Chorea, 
on the other hand, occurs in only 13 per cent in the jireschool age.s, 
hut its curve reaches a conspicuous peak at seven and eight years. 
The delay of the mode in the curve for chorea as a first manifestation 
explains \vhy the highest ineklencc for all fir.st affedions is later for 
girls than for hoys (Fig. 0). Chorea was found to he a more common 
first affcetioTi among girls than among hoys, proporlionately as 73 
t o 47 (Fig. 4) . 

The euiwe of concomitant alfcclions of polyarthritis and carditis 
follows that of either polyarthritis or carditis, althougli tlie incidence 
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by year of this dual affection is liighest between seven and eleven 
years. Both polyarthritis and carditis, as individual affections, seem 
to have a slight secondary rise in incidence as lirst affections at ages 
nine and ten years. 

In our group then, initial rheumatic manifestations, consisting ex- 
clusively of acute attacks of polyarthritis, carditis, or chorea, or any 
combination of these, occurred at a rather early age. Our records 
show, furthermore, that the age 2>ei‘iod at which the onset of the 
disease reaches its greatest incidence varies apprecialdy with the dif- 
ferent clinical types of initial affections. The age incidence for poly- 
arthritis and carditis as first manifestations reaches a peak before or 
at the age of school entrants. We note, furthermore, that these affec- 
tions play a significant role not only during the preschool age but 
also during the ages up to pubert 3 \ Chorea, on the other hand, Avhile 
present in fair numbers during the same i^eriods, takes a decided lead 
at ages seven to ten years, and its incidence at this time proportion- 
ately overshadows the other affections as a first manifestation of 
juvenile rheumatism. 

Of course, believing as we do that major affections are not the only 
manifestations of active juvenile rheumatism and that many of the 
major episodes are preceded bj’’ and at times considerably antedated 
by less conspicuous clinical signs (exclusive even of muscle and 
joint pains), our observation of this special group leads to the assump- 
tion that acute rlieuniatism in children has its onset at a far earlier 
age than is generally imifiicd in literature on the subject. Even 
though the disease is found at all ages, statistical curves, compiled for 
no matter how many age groups, still show that the incidence of first 
manifestations is highest during childhood. Clearly, it requires an 
intimate study of children’s groups to indicate how earlj’- the disease 
really begins. If in coining years our familiarity with the “minor” 
symptoms and signs of juvenile rheumatism becomes greater, and if 
dependable diagno.stic tests come to our aid, the disease may be found 
to have its onset among the earliest diseases of childhood. 

RECURRENT -MAJOR RHEU.AIATIC AFFECTrON.S 

Because of the protean manifestations of juvenile rheumatism, par- 
ticularly because of its frequently protracted clinical course, the ques- 
tion is asked, what is a recurrence ? This question is embarrassing in 
view of the fact that no adequate criteria exist to decide when the 
disease begins or when it actually terminates. Obviously, clinical 
criteria, in order to be serviceable, mu.st define a recurrence as a 
clearly distinguishable event far enough removed from a preceding 
episode to preclude the likelihood of its being merely a continuation. 
Even this criterion is unsatisfactorj’- in a disease which has a tendency 
to follow a polycyclic course. Any criterion is, in fact, arbitrary. 
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AVlicn an acute rlieumatic affeetioii was located, espeeially at the 
beginning or at the end of a year, the records of the year preceding 
or following it were examined, to be certain the episode was an 
isolated major affection. In order that the second attack might 
qualify as a recurrence, several months of apparent well-being must 
have elai^sed during which a child was ambulatory, attending school 
or on a vacation. An iminterrniited episode even of two years’ dura- 
tion was regarded as a single attack. 

Average Duration of Ohservation After the Initial Affection in Pa- 
tients With and Without Fccurrcnc.es. — In estimating tiic meaning 
of recurrences, the average duration of ohservatiou since the begin- 
ning must be known, particularly in relation to types of initial affec- 
tion. Those without recurrences may not have .survived or have been 
observed long enough to experience a recurrence. For comparison the 
mean duration of oliservation in both groups has, tlierefore, been tab- 
ulated, and for each .subgroup according to the type of the initial 
affection (Table III). 

Tahle III 

Aveisage Dckatiox of OasEnv.vno: Aktei: the Tmtiat, ,A.fke< tiox is 
Patiext.s With axd Witiiot’t KErriatExcEs 



IXITIAE 

MAXIFESTATIOX 

OUOer AVITH : 

nK(H'KRE.xrES 

1 OKOTP WlTHorr 

1 nEmatr.xoK.s 

1 

YEAKS i 

[ A'EAUS 


Polvjirthritis 


h.n 

7.’', 


ChoVcfi 


S.7 

7.0 


Carditis 


/ .•> 

5.4 


Polyarthritis and carditis 

7.5 

s.;‘, 


Total group 


S.5 

7.1 


For the entire group the average length of observation since tlic 
onset has been 8.5 years in patients Avith recurrences and 7.1 years in 
those, without recurrences. The shortest period occurred in tlie sub- 
group carditis, ])articularly in tlmse without reeuTrenccs. But even 
in these, the period has already exceeded five years. Tlmt this period 
affords ample time for a rceun-eiicc to take place will he shown in a 
subsequent paragraph. 

Tahi.e IV 


The IxeiDEXCE of a M.\jok TtEeriniExeE Dcnixr, the J’f.k!oi> of Obseevatiox ix Tin; 
ISsTiRE Gkoof AXH 7X SmoKori’S, Aceoimi.xo tii Tyfe oi' the Ixitiai. .\n}:<'Ti»>N.s 


IXlTIMi 

M.VXIFESTATIOX 

TOTAE 

I'ATIEXTS 

FEE CF.XT 

.Vr.MBKK 

AVITH i' 

';r!,-rj:?:xrr„s 

Ei: rrx" 

PolA’arttiritis 

2l!0 

100.0 

140 


Chorea 

02 

100.0 


74.0 

Carditis 

(iS 

100.0 

•40 


Polyarthritis and carditis 

70 

100.0 

40 

02.0 

PolAluthritis and chorea 

IS 

100.0 

15 

SX.4 

Ciiorch anil carditis 

n 

100,0 

-•1 

.s 

Polyarthritis, carditis, and 

chorea 5 

JfiO.O 


PHM* 

Total group 

4S.S 

100,0 


07.x 
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Major Eecw'r&nces and Their Frequency in the Period of Ohserva- 
tion. — More than two-thirds of the patients, 68 per cent (331), expe- 
rienced at least one reenrrence during an average of eight years 
(Table IV). The number varied according to the type of the initial 
affection. A recurrence was most common in chorea (74 per cent). 
So far, only about one-quarter of these children escaped. Next in 
order of frequencA’’ was the subgroup polyarthritis or polyarthritis with 
carditis (67.7 per cent and 62 per cent, respectively). In the sub- 
group carditis recurrences appeared in 58.8 per cent. In the combined 
affections the number was too small to warrant furtlier study. 

The number of recurrences (Table V) in indmdual eases differed 
, widel 3 ^ In the majority there was only one or two, 1)Ut in an appre- 
ciable number there were three, four, or five. In a few eases there 
were six or more.® 

Table V 


ISTumber of Eecorkences in Indiwdual Cases 


NUiraER OF 

RECURRENCES 

NUSfBER OF 

PATIENTS 

PER CENT OP 

PATIENTS 

CUMULATIVE 

PER CENT 

1 

128 

38.7 

38.7 

2 

89 

26.9 

G5,G 

n 

•i 

.=58 

17.5 

83,1 

4 

22 

6.G 

89.7 

5 

20 

6.0 

9,5.7 

(i 

8 

2,4 

98,1 

7 

2 

O.G 

98.7 

S 

1 

0.3 

99,0 

9 

0 

- 

99.0 

10 

2 

0.6 

99.6 

11 

1 

0.3 

99.9 

Total 

3.S1 

99.9 

99.9 


Interval Between the Initial Affection and a First Major Recur- 
rence. — As has been stated, a first recurrent major affection was ob- 
served in 331 cases in the course of an average period of observation 
of eight years ; 

44 per cent (145) -within one year of the initial affection; 

20 per cent ( 67) in the course of the second year; and 
9 per cent ( 31) during the third year. 

Keeuri-ences appeared, tliei’efore, Avitliin three years after the initial 
manifestation of the disease in 73 per cent (243) (Fig. 8). 


•Two case.s pre.sentcd ten and one case eleven major recui'rences in the cour.se of 
twelve and thirteen j-ear.s. The.se cases being unusual, a brief description of tlie 
clinical course presented by one patient i.s griven : J. G., a female, suffered at the ape 
of four years an attack of polyarthritis for one week in winter: at the ape of six 
years chorea appeared for two months in the autumn, and polyartliritis for one and a 
half weeks in winter ; at tlio age of sev€;n years chorea returned for two months In 
the autumn ; at the ape of eight years there was another attack of chorea for two 
months in the autumn ; at the age of nine years, again, an .attack of chorea for two 
months in the autumn and of polyarthritis for two weeks in winter ; at the atres of 
ten and eleven yeai-s, another attack of chorea foi- two months in tlie autumn during 
each year: at the age of twelve years, chorea again for two months in the autumn 
and polyarthritis in winter: at the age of thirteen years, polyarthritis in the spring: 
at the age of fourteen years, carditis with adhe.slve pericarditis for seven months, 
from January- to August: and at the age of sixteen year.s, severe rheumatic carditte 
for one month in the autumn resulting in death. 
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In a similar manner the time interval between the initial affection 
and the first recuiTeuce in the several subgroxips wms analyzed. Oi 
220 patients witli -polyarilirHis. 149 experienced at least one major 
recurrence : 

38 per cent (57) within one year of the initial affection; 

18 per cent (27) during the second year; and 
7 per cent (11) during the third year. 

In this subgroup, then, recurrences had appeared in 03 per cent (95). 
by the end of three years following the initial affection (Fig. 8). 

In the subgroup cardiiis, of 68 patients, 40 experienced at least one 
major recurrence : 

57.5 per cent (23) within one year of the biitial affection; 

15.0 per cent ( 6) during the second year ; and 

12.5 per cent ( 5) m the course of the third year. 



latflmd in I«ar» 

S. — Interval between initial affection and first major recurrence. 

In this subgroup recurrences made their appearance in 85 per cent 
(34) by the end of three years (Fig. 8). To make this point is im- 
portant because in a previous paragiaiph the mean duration of ob- 
servation in patients with this form of affection but witliout reeur- 
reuces Avas given as 5.4 years (Table III), shorter than for any other 
group. But the relative brevity of the period of observation does not 
account for the smaller number of recurrences (Table JV), for 90 per 
cent occurred before, the expiration of five yeaws. 

In the subgroup (79 cases) in which carditis and paitiarfhtifis were 
combined there ivere 49 recurrences: 

47 per cent (23) within one year after the initial affection: 

23 per cent (11) during the second year; and 
10 per cent ( 5) during the third year. 

Here 80 per cent (39) occurred witliin three years (Fig. 8). 
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In the subgroup chorea (92 eases), the number of recurrent affec- 
tions was 68 : 

46 per cent (31) Avithin a year following the initial attack; 

21 per cent (14) during the second year; and 

15 per cent (10) during the third year. 

In this subgroup recurrences appeared in 82 per cent (55) ivithin 
three years (Fig. 8). 

Interval Between the Initial Affection and a Second Major Recur- 
rence . — The time of second recurrences has also been analyzed (Fig. 9). 
These took place in 198 (40 per cent) : 

35 per cent (69) appeared Avithin tAvo years after the initial attack; 

16 per cent (32) in the course of the third year; and 
11 per cent (21) during the fourth jmar. 



Fig. 9. — Interval between initial affection and ••second major rcciiri’encc. 


Sixty-tAvo per cent (122), or almost tAVo-thirds, appeared by the end of 
four years. When a major recurrent affection appeai*ed Awthin one 
year after the initial attack, it Avas not regarded as a second recur- 
rence. 

Second recurrences in each of the subgroups need not be described 
in detail. The numbers are too small. The facts are presented, Iioav'- 
CA'Cr, in Fig. 9. It is apparent that second recurrences are not croAvded 
into the years immediately folloAving the initial affection as are the 
first recurrences. What is significant is that they appear in appre- 
ciable numbers as late as four, fiAC, or eA'on six years after the onset 
of the disease. 

The Factor of Personal Susceptibility. — From the data on first and 
second recurrent affections, particularly Avith reference to the order 
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of their appearance in successive years following the initial affection, 
it heeomes apparent that attacks of juvenile rheumatism, have a great 
tendency to recur. It is obvious, furthermore, that hy far tlic greatest 
number appear within a few years after the onset of tlie disease. 
One-third to one-half of the first recurrences made their appearance 
Avitliin one year; and approximately three-quarters not later than throe 
years after the initial affection. Second recurrences naturally ap- 
peared later. Nevertheless, among these, too, approximately two- 
thirds appeared within four years. 

Two interpretations arc possible. In tlie first place, so-called recur- 
rences may be in reality not distinct and separate episodes, but merely 
exacerbations of silent or smoldering i?rocc.sses. But, applied to tlie 
data now reported, this conception assumes that juvenile rlieiunatism 
runs a continuous course for two or more years in at least one-third 
of the cases and for three or more years in one-quarter of all easc.s. 
"While the disease undoubtedly runs a long-drawn-ont course in an 
appreciable nnnihcr of eases (such cases have been reported’^), un- 
siippoided experience does not lead to the conclusion that eases of 
several years’ duraton arc as common as the record-s .sugge.st, count- 
ing recurrent major episodes merely as recrudeseences. One-quarter 
of the first recurrences failed, indeed, to appear for three years. First 
reeurrenecs sometimes appear so main* years after the initial attack 
that a true reeurrence’*^' of the disease must be assumed. Kccurrence 
did not, in fact, appear in 5 to 10 per cent of eases, for as long as 
eight years or more (Pig, 8). 

According to the second interpretation, later attacks may he not 
recrudescences but distinct, new infections. Their appearance in the 
first few years after the initial manifestation is taken to indicate that 
there is increased susccptiliility to new invasion. Seasonal recur- 
rences, as well as their tendency to follow in the wake ol intcrein'rent 
diseases, especially of the upper respiratory type, lend plausibility to 
this assumption. This view is strengthened, fnrthermoro, by the well- 
known fact that patients migrating to subtropical climates are gen- 
erally free from this disease, although on returning to their former 
homes, even after several years, they are subject, not uncommonly, to 
new attacks.^®’ 

Obviously in the present .state of knowledge the nature of remirrent 
attacks of juvenile rlieumatism is not understood. 

77ic Relation of Type^t of Rccurrvuf AffaeJes to the Type of the InT 
iiul Affection.— \Yi\h the hope of .‘ihedding more light on the nature of 
recurrent manifestations of .juvenile rheumatism, the reeurrenecs tluun- 
selves have been grouped according to clinical type.s. 

*A tru>! veetirrencc tuny In.' l!k«uoil to wRnt !.*« .nunlocovjs’y it '‘yur* -- 

iuLn^tton’' In lubfrcttlof:!?. 
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Polyarthritis . — In 220 cases of initial polyarthritis, recurrences ap- 
peared in 149 cases and second recurrences in 94 eases (Figs. 8 and 9), 
Among the 94 second recurrences (Fig. lOA) polyarthritis was pres- 
ent, alone or combined, in 74 per cent (110 eases). It was the only 
affection in 55 per cent (82). It was associated with' acute carditis ui 
24 cases, and -witli chorea in only 3 cases. Acute carditis was the 
next most common. It was present alone in 17 per cent (25) and 
combined with polyarthritis in 16 per cent (24). Chorea was pres- 

Sn3-GR0trP I!J TOICH POLIARTKRITIS IS THE EIIIIIL iFFECIICK 



Fig. 10. — Clinical types of recurrent major affections related to polyarthritis as 
initial affection. 

Of 220 patients with primarj- polyarthritis, 149 experienced at least one recurrence 
of a major manifestation. A, and 94 exhibited a second recurrence. B. Fifty-three 
patients (of the S2 shown In A) are constituted a "special” group because they ex- 
hibited a major episode three times, the initial attack and the first recurrence being 
polyarthritis, C. T) presexiLs the types of a total of 34 G recurrent manifestations 
experienced by 149 of the 220 patients in whom one or more recurrences appe,ared 
during the period of obser\’ation. 


ent alone in only 9 per cent (13). In 5 additional eases it was com- 
bined with the other affections. 

Among the 94 second recurrences (Fig. lOiS) polyartliritis was ])res- 
ent in 57 per cent (54). It appeared alone in 40 per cent (38), and 
combined with carditis in 15 per cent (14). Acute carditis was al- 
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most as common a second reeuiTenee as polvartliriti.s, appearing alone 
in 35 per cent (33), and associated -w-itli polyarthritis in 15 per cent 
(14). Ghorea appeared among the second recurrences of this group 
in only 9 cases, or in less than 10 per cent. 

Second recuiTeiiees were next examined in a si>ccial tjroiip of 82 
eases, characterized by the fact that both the iniiml nifnck and the 
first recurrence were polyarthritis. In this group a second rccurreiicc 
appeared in 53 cases (Fig. IOC). IVhilc the group is .small, it is iuv 


sa^-GHc^p at ifHicH caemtis is the ikitiai- 




Fig. 11 . Clinical types of recurrent major affections related to cat-ditis as initial 

affection. 

Of 147 patient-s ivith primarj- carditis (v.-iUi or without polyarthritis). 8? experi- 
enced at lea.'^t one recurrence of a major nmnife.station. A. and 46 exlUbited a second 
recurrence, J5. Thirtv-three p.atients (of the 44 sliown In .1) .are constituted J.n .n 
".special” proup because tiicv e.xhibitod a major episode tliree times, the initial at- 
tack and the first recurrence beinjr carditis, C. n pre.rents the types of a toml of 
ISS recurrent manifestations experienced by SS of the 147 patlentp in whom one or 
more I'ccurrence.s appeared during' the period of obseiamtion. 


portant that 55 per cent (29) again presented polyarthritis. Carditis 
appeared in 30 per cent (16) and polyarthritis inlh carditis in 13 per 
cent (7). Chorea appeared only once. Accordingly, the second recur- 
rences constituting, in fact, the third laa.ior episode consisted almost 
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entirely (98 per cent) of polyarthritis, carditis, or both. Althougli 
there was a high incidence of carditis throughout, polyarthritis stood 
out as the predominant affection. 

Carditis. Because in the group of initial 2)o]yarthritis, carditis alone 
or in combination was a common recurrence, the group of initial cardi- 
tis alone or combined with polyarthritis Avas also investigated. There 
Avere 147 such cases (68 eases of carditis alone and 79 cases of carditis 
Avith polyarthritis), in AAdaieh 89 first and 46 second recurrences Averc 
traced (Fig. 11 A and B). 

Of 89 first recurrences (Fig. IIA) carditis appeared alone in 50 per 
cent (44) • polyarthritis alone in approximately 30 per cent (26) ; 
and a combination of carditis Avith polyarthritis in 20 jAcr cent (17). 
Chorea Avas present in 2 eases only, in one ease alone and in one ease 
Avith carditis. 

Among the 46 second recurrences (Fig. IIB) carditis appeared alone 
in 48 per cent (22) ; polyarthritis alone in 22 per cent (10) 5 carditis 
AAuth polyarthi-itis in 24 per cent (11); and chorea in 3 eases only. In 

2 cases it appeared alone, and in a third case it Avas associated Avith 
carditis and polyarthritis. In this group, too, Avhen carditis, either 
alone or in association Avith polyarthritis, Avas the initial affection, both 
carditis and polyarthritis reappeared as the dominant affections among 
first and second recurrences to the extent of 98 per cent and 93 per 
cent, respectively. 

Chorea. — In a similar manner the subgroup in AA'hich chorea Avas the 
initial manifestation has been iuAmstigated. Of 92 cases, 68 exhibited 
at least one recurrence and 46, tAvo recurrences (Fig. 12). 

Of the fii’st recurrent affections chorea appeared alone in 70.5 per 
cent (48) ; A\ith carditis, in 6 per cent (4) ; and Avith polyarthritis, in 

3 per cent (2). Acute carditis appeared alone in 7 per cent (5) and 
polyarthritis alone in 12 per cent (8). Altogether chorea made its 
reappeai’ance in 79 per cent (54) (Fig. 12A). 

The second recurrences were equally impressive. Here again the 
initial affection chorea reappeared. It holds true in 78 per cent (36). 
These Avere all, except one, clinically uncomplicated cases of chorea. 
In the remaining 10 cases polyarthiltis was present in 6, and acute 
carditis in 4 cases , (Fig. 12B). 

As before, a special group of 48 cases AA^as studied in AAdiich chorea 
appeared as the initial as Avell as the first recurrent affection. A third 
major episode occurred in 36 (Fig. 12C), of Avhich 81 per cent (29) 
Avere ehoi’ea alone, 8 per cent (3) each polyarthritis and carditis, and 
1 case chorea Avith carditis. 

These ohserAmtions are recaintulated in tabular form for the sake 
of ghing a general summary (Table n). 

The Factor of Susceptibility. — This analysis of the first and second 
recurrences reAmals. it seems, conAuncingly, that major reeuri’ences, the 
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first and second at any rate, are predominantly o£ the same clinical 
type as charaeterized tlie first manifestation of the diseasic The disease 
nsually remained true to type. \Yhen pohjavihriHs or carditis or both 
appeared as the initial manifestation of the disease, these atTections 
reappeared to the extent of 91 jier cent in first recurrences and 92. fl 
per cent in second reciirrenecs (Pig. lOA and Ji). If, furtliermore, tin? 


sra-CHom’ El THicH CKOHSA IS THE ikitiju: jsncnc;! 




Fijr. 12. Clinical type.'; of recurrent major .affections rcKateU to chnrrn .as initia! 

affection. 

Of 32 patients with primary chorea, CS experienced at least one recurrence of a 
major manifestation, ,-l, and 4(i extiiblted a second rocurrcnco. h. Thirty-six patient;; 
(of the 4S shown in A) are constituted a “speciaV frroup bccau.';o tiiey cx libU-'d a 
major episode tliroe times, the first attack and tlic flr.st is'currcnce hplnr: chorea C 
D presents the tvpcs of a total of 17S recurrent manifestations experienced by GR of 
the 32 patients 'in whom one or more recurrenre.« appeared durinp th.e penod of 
observation. 


initial affection Jind the fir.st rceiirrence were polyarthritis, thi.s type 


dominated the next rocurrenee or the third mn.ior episode tdmost cx- 
cliisively. 

The events arc the same when chorcii is the initial manifestation. 
Tlie first and second rceurronecs are then predominantly chorea. 

TJiis striking tendency of recurrent alLcctions to remain true to tr.e 
initial pattern suggests that in juvenile rheumati.sm it is the state 
the tissue whicli decides the form of the initial invasion and that it i.s 
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the state in which the tissue is left after the original attack which 
determines the subsequent clinical form of the disease. This state- 
ment, purposely put in this Tague form, is as far as current evidence 
permits a deduction. 

Clinical Types of All Major Recurrences . — ^Whether the appearances 
which were observed in the first and second recurrences are clinical 
types rather than acute exacerbations in the course of protracted 
forms of disease is open to doubt. If they are merely exacerbations, 

Table VI 

Becuerences of Major Maxifestatjon.s, .so Far a.s They BE^rAI^■ True 
TO the Type op the Initial Manife.stations 


(EECAPITOLATION of FlOfS. 10, 11, AND 12) 


RECURRENCES 

1 INITIAL MANIFESTATION 

POLY- 

ARTHRITIS 

(220 

CASES) 

CARDITIS 

(147 

CASES) 

CHOREA 

(92 

CASES) 

NO. % 

NO. % 

NO. % 

First recur- 
rence 

Total patients 

Same type as initial manifestation 
Pure 

Complicated 

■ 

89 100.0 

62 69.7 

44 49.5 

18 20.2 

68 100.0 
54 79.3 

48 70.5 

6 8.8 

Second 

recurrence 

Total patients 

Same type as initial manifestation 
Pure 

Complicated 

94 100.0 

54 57.4 

38 40.0 

16 17.4 

46 100.0 

34 73.9 

22 47.8 

12 26.1 

46 100.0 

36 78.3 

35 76.1 
1 2.2 

Second 
recurrence 
in special 
group* 

Total patients 

Same -type as initial manifestation 
Pure 

Complicated 

53 100.0 

36 67.9 

29 54.7 

7 13.2 

33 100.0 

26 78.7 

16 48.5 

10 30.2 

36 100.0 

30 83.4 

29 80.6 

1 2.8 

All recur- 
rences 

Total incidence 

Same type as initial manifestation 
Pure 

Complicated 

346 100.0 

224 04.7 

160 46.3 

64 18.4 

188 100.0 
132 70.2 

87 46.2 

45 24.0 

178 100.0 

136 76.4 

122 68.5 

14 7.9 


‘This is a group in which the first recurrent affections (second major episodes) 
are pure clinical types, the same as the initial affections. 


they tvould naturally resemble the phenomena at the time of the 
initial affection. Doubt is removed in part, however, since approxi- 
mately 25 per cent of all first and 50 per cent of all second recurrences 
appeared not less than three years after the onset of the disease. 

But the analysis was carried further. It included not only first 
and second, but all major recurrences throughout the period of ob- 
servation. Recurrent major affections continued to be predominantly 
of the same clinical type as the initial manifestations. 

In the subgroup polyarthritis (220 cases), 149 children experienced 
a total of 346 major recurrences (Pig. lOD). Polyartliritis, or cardi- 
tis, or both were present 308 times (91.9 per cent). In 10 instances 
one or both of these affections were complicated by chorea. Uncom- 
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plicated chorea appeared onty 28 times (8.1 per cent). This distribu- 
tion. resembles that in the first (91.0 per cent) and .second (92. G per 
cent) recurrences in the same subgroup. 

In the subgroup carditis, with or -witliout polyarthritis (147 ea.se.s)j 
89 children experienced .18>. major recurrences (Fig. 11/1). Among 
these, carditis, polyarthritis, or both were present 182 times (99.8 per 
cent). Four were complicated by chorea. Chorea alone was prc.sent 
only 6 times (3.2 per cent). 

In the subgroup chorea (92 eases), 68 clnldrcu experienced 178 major 
recurrences (Fig. 12/)). Cliorea reappeared 136 time.s (76.3 per cent). 
Fourteen were complicated bj'^ polyarthritis or carditis. Polyarthri- 
tis, carditis or both, uncomplicated by chorea, appeared 42 times (23.7 
per cent). 

In this form of analysis, also, the clinical type of the initial aficc- 
tion reappeared as the dominant type in approximately the same pro- 
portion as in first and second reeiirrenees. This occurrence may be 
taken in connection with the remarks alreadv made on the state of 
the tissue as an important factor in juvenile rheumatism. 

The remarkable tendency of the original clinical form of the dis- 
ease to reappear, year after year, occurs es])ecial1y in ease.s in whicli 
the disease was ushered in by polyarthritis oi“ carditis. Among the 
recurrences of this group, chorea was present in less than 10 poi' cent. 
When polyarthritis and carditis were the dominant clinical types, they 
reappeared in such large nund)ers and were so commonly associated 
as to suggest that they belonged e.ssentially to one and the same 
clinical pattern. 

In the subgroup chorea, on the other hand, though this manifestation 
was predominant in recui-rent affections in its group (76 per cent), 
polyarthritis and carditis occurred as not uncommon complications. 
They were present alone, together, or in as.sociation with chorea, in 
over 30 per cent. 

The relative rarity of chorea among recurrences in primary poly- 
arthritis or carditis, in which valvular heart disease is k-nown to be 
common, and the frequent appearance of polyarthritis and carditi.s n.s 
recurrences in primary chorea, in which valvular heart di.sease is 
reported as relatively rare, .suggest that valvular disease in eases of 
primary chorea is due not to chorea, but to accompanying or inter- 
current episodes of polyarthritis and carditis. Since it i.s believt.'d 
that the latter appear, often not as easily recognir.ed cjusodcs such as 
have been termed “major manifestations” in this report, but in incon- 
.spicuous subacute form, their act\ial incidence in eases of ]>r!mary 
chorea may be even greater than these statistics indicate. That this 
i.s the case may be inferred from the fact that these patients were 
referred to the cardiac clinic not bceanse of chorea, hnt because heart 
disease was either present or suspected. Furthermore, in the eases of 
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primary chorea, in which polyarthritis or carditis appeared as major 
manifestations, mitral stenosis was three and one-half times as common 
as Avhen these manifestations did not appear. 

In the literature the incidence of cardiac involvement in chorea 
varies to such extreme degrees as to render any attempt at calculating 
its incidence a hopeless task. It is reported to be as Ioav as 3 per cent,^® 
aud as high as 25 per eent^’^ and CA^en 60 per cent."® The marked diver- 
gence m opinion is due largely, it seems, to lack of uniform criteria as to 
AA'^hat constitutes heart disease in the first place and, second, to diffi- 
culty in deciding Avhen a ease is really one of primary or pure chorea. 
If a rough estimate Avere attempted, nevertheless, the incidence of 
heart disease in eases of chorea Avould range betAveen 30 and 40 per 
cent. This is ai^proximately the percentage of major recurrent at- 
tacks of polyarthritis and carditis in our subgi’oup chorea. Valvular 
heart disease encountered in cases of chorea is probably due, in short, 
not to chorea but to accompanying or intercurrent episodes, often 
subacute, of polyarthritis aud carditis. 

SU5IMARY AND CONCLUSIONS 

This study is based on 488 eases, in each of Avhich the onset of 
juA^enile rheumatism Avas traced to a major episode, either polyarthri- 
tis, carditis, or chorea, or a combination of these, and the clinical 
course of AAdiich had been obserA'ed at the Children’s Cardiac Clinic 
of Mount Sinai Hospital in Ncav York AA-ithin a period of fifteen years. 
There Avas only a slight difference in distribution according to sex. 

The average interA'al betAveen tlie initial affection and the time of 
first ohservation aaos 2.3 years; the aA-ei-age age at first obserA'ation 
Avas ten years ; and the aA'^erage duration betAA^een the initial affection 
and the end of the period of obseiwation Avas eight years. 

Polyarthritis AA'as the initial affection in 322 cases; carditis, in 158 
cases; chorea, in 121 cases. Combinations of these tj’pe.s, especially 
polyarthritis and carditis, Avere common. Polyarthritis was the most 
common initial affection for the entire group ; chorea AA*as one and one- 
half times as connnon among gix’ls as among boys. 

The mean age at onset Avas eight years and the mode AA-as seA-en years. 
A more detailed analysis shoAved, hoAvcA'ci’, that in fully one-quarter of 
the patients initial affections occurred in the preschool age. The mode 
vai-ied AA'ith the clinical type characterizing the initial affection. In 
polyarthritis it appeared at about the age of fiA^e years; in carditis, 
at about six years; and in chorea, betAA-cen seven and eight years of 
age. While the number of cases of polyarllu’itis and of carditis AA'cre 
at a relatiA'cly high level throughout the preschool as aa'cII as the entire 
school age, chorea appeared eonspieuouslj* eroAvded betAA'een the ages 
of sCA'en and ten years (60 per cent). 
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Duling eight years, the average duration of tlie period of ohscrva- 
tioii, at least one recurrence took place in 68 per cent: in tlic snl)- 
group chorea i4 per cent had reciirrenees. In the majority of eases 
there -were only one or two recurrences, but in an appreciable number 
as many as three, four, or five, and in a few cases six or more, were 
observed. 

In the entire group, 73 per cent of first recurrences ajipearecl not 
later than three years after tlie initial manifestation of the disease. 
In the subgroups they appeared within three years, as follow.s: in 
polyarthritis, 64 per cent; in carditis, 85 per cent; in carditis witli 
polyarthritis, 80 per cent; in chorea, 81 per cent. .^Vt Ica.st two recur- 
rences took place in approximately 40 per cent of cases. Nearly two- 
thirds of all second recurrences appeared not Inter than four year.s 
after the initial affection. 

Juvenile rheumati.sm has, therefore, a great tendency to recurrences. 
For three or four years after its onset personal vulnerability is great- 
est. This has an important therapeutic implication. It .suggests that 
a rheumatic child should be under close observation, in many eases 
preferably in an institution, for the first sevei-al years. 

The question whether recurreuees, especially the first and second, 
remained true to type was carefully studied. The annly.sis suggests 
that the type of the major recurrences is u.sually the same as that of 
the initial affection. Subsequent attacks of juvenile rlieumatism ap- 
pear, therefore, to depend on the original state or on the state subse- 
quent to infection of the tissues. It is impossible now to come to a 
precise conclusion. An analysis of all tlie events which were observed 
confirms this deduction. 

The tendency to remain true to type year after year is c.spccially 
the case in polyarthritis and carditis. These manifestations are. fur- 
thermore, so frequently associated as to .suggest that they ex])ress 
a similar method of response. Chorea reappears, nevertheless, witli 
sufficient frequency to suggest that it is a distinct type, though ]u,dy- 
arthritis or carditis is found not uncommonly among its recurrences. 

It seems probable that the valvular heart disease which nllimntely 
develops in cases in which the initial aflectiou is chorea is due. not to 
chorea but rather to pol.varthrilic and earditie manife.slations asso- 
ciated with it or its recurrences. Further study of this problem i.s 
important. 
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ATEIOYEXTRICULAR RHYTHM WITH AND WITHOUT 
RETROGRADE IrJLOOK 

Adolf Schott,® M.D. (Heidelberg).. M.K.C.S. (England) 

London, England 

' I 'HE follo-\ving ease jiresents several iiinisnal fealures wliieh are of 
A a clinical as well as of a physiological interest so that a short 
conimnnication seems warranted. 

REPORT OF CASE 

Mrs. H., aged fifty-eight ycitr.s, eon.sulted me ca Oet. 2:2, 1925, for jKdpitution 
of tlie iieart. Slie liad had a .slow pul,*;e for over twenty ycais: a.« long as her pulse 
rate was about 40-42 she felt well, Imt when the rate exeeoded -18 she noticed 
palpitation.s which were associated with diseonvCorl in her chest ttad head. .She had 
diphtheria as a cliild and typhoid fever at the age of seventeen. In 1925 she con- 
.sulted a well-known professor of medicine in Switzerland for pain in the rigid 
hypochondriuni and for palpitation of the heart and slow puhse. It was found at 
the time that she sutfered from chronic cholecystitis with hypereholesterinemia; an 
, electrocardiogram taken at the time revetded that the bradycardia was due to a 
simple sinus bradyctudia with a rate of nS to 01 beats j)er minute (Fig. 3). For 
the pa.«t ten years tifter having ttikcn repeated cure.s :it Kiirlsbad and Vichy, and 
living permanently on a suittihle diet, .she had no trou1.de from her gallbladder. 
Another olcctrocardiognim taken in llh‘-52 shou-ed again sinu.s bradycardia, the rate 
now being 40 to 46; apart from a le.*.s imirkcd S in ly’ad I and a dilTercnt shayK* 
of P in Letid.s II and III, the tracing did not show any material diiTerence in com* 
parison with tiie record taken in 1925. 

On examination I foinid the hetirt comsidcnibly dilated to the left, there was a 
sharp . systolic murmur over the tipex and tiie second iiortic sound was .accentuated 
and ringing. Heart and jnilse rate was 44 per minute; the heart action was ir- 
regular, and on auscultation the .arrliythmia gave the impre.-.sjon of being caused 
by numerous cxtrasystoles. Flood pre.^-sure wa.s l-IO/SO. Tlic liver and the gall- 
bladder were not palpable, and tliere was no (enderne.ss in the right hypoi-hoiulrium- 
Tlie x-ray examination confirmed that the heart was: dilated to the left and Kliowed. 
moreover, a large left ventricle and a j>roniincnt aorta of increased density (Fig. 2i. 
The retroctirdiae. .sjiace wtis free, the left tuiricle not enlarged. The urine was nonnrd. 


EI.ECTROC'ARDIOGRAHr 


The Iir,st olcelroetirdiogrtun laken the same tiny showed that the 
arrhythmia Avtis not caused l>y e.xtrnsystoles but tluit tliis w;js a ease 
of t)ie comparatively uuuommoii ‘‘dissoeiatiou with interferetiee"' (Fig. 
3), Taking Lead IT iirst we see tliat there is a ri'giilar stMuteuce of 
P-waves following one tiuother at an interval of Lob to L5!l see. 
(eorro.sponding to a rate of per minuie) and a regular seqnetiee 

^Flinleal .-i.ssi.-:t:int, tjnj'.v, HospHal. lAintuni. 


6 ! 
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of ventricular complexes following one anotlier at intervals of 1.50 to 
1.56 .see. (rate: 38 to 40 per minute). There is a constant change 
of the position of the P-waves in relation to the ventricular complexes 


i 





II ' 





/// 



Kif,'. 1. — E;<!cti-oc:ir<liogram taken In 192,a. .sliowing sinuH bra(l>'car(lia. Leads T, 11. 
and in. Time in tenth.s of a second. 


indicating that tiiese Iavo riiythras are independent of one another. 
We are thus dealing Avith a case of dissociation of the action of the 
lieart the auricles being stimulated by a center situated in — or in the 
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vicinity of — the sino-anricnlar node, and the ventricles followliifr an- 
other pacemaker which must be situated above the site of di%nsiou of 
the main bundle of His because of the normal shape of the venlricuhir 
complexes. It will also be noticed that the rate of tlie atrioventricular 
rhythm stimulating the ventricles is faster than the auricular rale. It 
is tills difference in the rates of the two rhythms which causes a con- 
stant-change of position of the P-wave in relation to tlie ventricular 
complexes. Leads I and III show tlie same phenomenon but dem- 
onstrate, moreoT'er, that -whenever an auricular impulse falls suffi- 
ciently late after a ventricular contraction so that it reaches Ihe 
ventricles after their refractory period, if leads to a -eontraction of 


Fipr. 2. — Tolornaiogiam. talv<?n Oot. 22. IfS.". 

the ventricles. Thus we see in Lead I that the fii-st anrieular contrac- 
tion which occurs 0.22 sec./aftcr the end of the preceding ventricular 
DUG is conducted 1o the ventricles and is followed by a ventricular' 
complex affer a P-R interval of 0.32 see.' The shape of the ventrieniar 
complex diifcr.s from those of the atrioventricular heats. This ditTcr- 
ence must be ascribed to aberrant conduction due to the fact that the 
condneling .system had not eomplctcly recovered since the preceding 
beat, and therefore Ihe conduction within the ventricles follows dif- 
ferent paths. The phenomenon of aberrant conduction is well Imovrn 
in connection with early auricular ext rasystoles (Lewis). Tlie last 
ventricular beat in Lead I is another iusiauiTC r>f the conclnction of an 
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auricular impulse to the ventricles; here the auricular contraction 
occurred 0.24 sec. after the preceding ventricular complex and is con- 
ducted to the ventricles with a P-R interval of 0.32 see. Lead III 
shows two conducted beats, the second and the fifth; in either case 
the auricular contraction follows the preceding ventricular one after 
0.22 sec. and is conducted to the ventricles in 0.34 and 0.32 sec. re- 
spectively. 



1 C 3.— Electrocardiosrani taken Oct. 22. 1335. Lead.s 1, n, and HI. .sliowinp 

"'ail interference. For explanation see text and kev kciow the traclnp. 
lime in tin.® and all the subsequent flgaires in twenty-fifth .s of a .second. 

This tracing shows therefore that the regular beats as found on 
auscultation ai*e atrioventricular beats and that the “premature beats” 
which disturb the regular rhythm are due to the occasional conducted 
auricular beats. 

One .should expect the interwal between a conducted impulse and 
the follovnng atrioventricular impul.se to be eriual to tlie inteiwal be- 
tween two atrioventricular inipulse.s. because the conducted impulse 
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M^lien pa.s.siug tJie atrioventricular center temporarily interferes with 
the iiiipiil.se formation in the atrioA'cntrieular node, and therefore the 
impulse starts to form again in the atrioventricular center when the 
coiidiicted impulse has lelt the center. In tlie present ease, however, 
the time interval between the coiidiieted beat and the following atrio- 



3''lS. -1. — IJloctiocJirdiograni tukon Oct. 2t. 103.^. l.*!icl.« 1, 11, nml HI. .‘flicwin;;’ 

••itriovcntricular rh.vthn). 



Fig-, ti. — Kteclrocnnlioprnu) talion a few tiiinutc.v: after I'ig. 1. 11 only. 

Showing (ll-s.^ocintion with interference ami intnv-anricular .lijittirbances of connm'- 
tion. 


ventrieiilai- imi-Uilse i.s .shorter than the time between two .sneeessive 
atriovenlrienlar beat.s. Thus, in Lead L the interval between tlie see* 
Olid — eondiieted — and the following — atriovenirieular — beat is only 
1.22 .see. a.s eompjired witli tlie intei-vnl fif 1.48 sec. sejtarating the fol- 
lowing atriovenlrienlar beats. This phenomciton is cemsiderabb* 
tlieoretit*a! importance and Aviil be discussed inter. 
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A coexistence of two independent rliytlims, a sino-auricular and an 
atrioventricular one, can of course occur only wlien there is no retro- 
grade conduction of the atrioventricular impulses to the auricles. 

T.he patient came to see me again two days later and the first elec- 
trocardiogram taken on that occasion (Fig. 4) shows a different con- 
dition although no treatment had yet been inaugurated. In this, 
tracing Ave see only an atrioventricular rhythm, the ventricular com- 
plexes folloAving one another at a time interval of 1.27 to 1.36 sec. 
(rate: 44 to 47 heats per minute). Negative P-waves folloAv the, 
ventricular complexes at an E-P inteiwal of 0.16 to 0.18 sec. in Lead 
I, 0.11 to 0.13 see. in Lead II and at a Q-P interval of 0.22 to 0.23 see. 
in Lead HI. "We are dealing therefore Avith an atrioA^entricular rhythm 
originating in the loAver parts of the A-V node, and the fundamental 
difference betAveen this and the first electrocardiogram (Fig. 3) is that 
here eA’-eiy atrioAmntrieular impulse is conducted baclcAA’-ard to the 
auricles. 


Ati’ioA’-entricular rhythm is often a transitory phenomenon. The 
next tracing taken only a feAv minutes after the preceding one shows 
that the condition had changed again and that di.ssociation Avith inter- 
ference had replaced the atrioA’entrieular rhythm (Fig. 5). In this 
immediate succession. The similarity between this tracing and the 
tracing Lead II onlj- Avas used, and the three strips Avere taken in 
first electrocardiogram (Fig. 3) is A^ery striking, particularly AAdth 
regard to the time relations. We see again the dissociation of the tAvo 
rhythms: P-AvaA’^es following one another at time intei'vals of 1.40 to 
1.52 sec. and independently herefrom A'eutricular complexes folloAving 
one another at intervals of 1.31 to about 1.48 sec., and again auricular 
impulses are conducted to the A'eutricles Avhen they occur sufficiently 
late after the pi’eeeding A'entricular contraction so as to reach the 
A’-entricles after their refractory jreriod. Tavo features of this tracing 
call for special mention. The fir.st is that the top tracing taken by 
itself could be interpreted as indicating an atrioA'cntricular rhythm 
AA-itli graduallA' lengthening E-P inteiwals ; if this interval exceeds a 
certain limit, the auricular conti’action, itself inaugurated by the atrio- 
A'entrieular node, giA'es rise to a second Amntricular contraction, tlie 
excitation AvaA'e Avhieh had traA'eled from the A-V node upAvard to 
the aui'icles, returning and stimulating the A'cntrieles AA'hicli are by then 
past their refractory period. This phenomenon has been deseilbed as 
“ ]-eciprocated beats” on scA-eral occasions (White, 1.915, Gallavardin 
and GraA'ier; Drury). IIoAvever, this explanation is untenable if one 
takes into consideration the middle tracing taken immediately after 
the top one. Here Ave see that in the Iavo first beats negatiA'-e P-aa-ua’-cs 
precede the A'eutricular complexes, AA'hieh fact makes it extremely 


improbabE that aa^ are dealing AA'itli an atrioA'cntrieuIai* rhjdhm 

/j '7'C)/n 
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in the lower parts of tlie node. Moreover, the time 
relations as shown in iliis tracing and in Fig. g, which is nndotibiedly 
indicative of a dissociation with interference, give cvejw I’cason to 
assume that we are dealing liere as well with the coexistence of an 
auricular and an atrioventricular rhythm and that liie two rhythms 
are occasionally Jinked up by eondiicled auricular beats. If tin's con- 


Figr. 6, — Electrocai’diograni taken immediately after mild exerci-'O lc?t. Lead II 
only,, top curve showing atrioventricular rhytli.m. middle emwe sliowlng di.?Focialfori 
with two conducted beats, bottom curve siiowing dissociation ; intm-auricular distur- 
bances of conduction in .all three strips. 


Pig, 7 . — Ktectroeardioeram taken Oct, 30. 3 933. after administration of smr.ii dns-f 
of digit.alis. lyiHids I, 11. .and ITI. SliowJng .=Inu!: lirridycardi:!. 

ception is correct we have to account for the fact that here — in contra- 
distinction to Lead IT in Fig. 3— the P-waves are negative. The most 
reasonable explanation is tbat this is due. to intra-aiiricukir disinrli- 
anees of eondneiion. and this coneeption receives support if one con- 
.siders the result on the electrocardiogram of an exercise tost, as shown 
in Fig. 6. All three strips represent Lead IT, taken in immediate 





68 


THE A:\:EKICAN heart JOURiVAL 


succession. The top curve shows atrioventricular rliythni; the time 
intervals are shortened to 1.08 to 1.18 .see. as a result of exercise; the 
R-P interval is constant (0.20 sec.), but the P-waves differ in shape 
one from another: the site of impulse formation remaining the same, 
this can be due only to intra-auilcular disturbances of conduction. 
The middle and bottom curves show that with the gradual slowing of 
the heart rate after the termination of the exercise test the two inde- 
pendent I’hythms are reestablished, but the bottom tracing shows by 
the varying shape of the P-waves that even then the intra-aurieular 
disturbances of conduction persisted. 

The patient was given small doses of digitalis and when I saw her 
again six days later sinus rhythm was restoi’ed, the electrocardiogram 
showing a sinus bradycardia with an average ventricular rate of 39 
and a P-B interval of 0.20 see. (Pig. 7). 

DISCUSSION 

One of the fundamental laws of the action of the heart is that the 
heart follows that pacemaker which forms impulses at the highest 
j’ate. Thus, as normalh' the sino-auricular node possesses the highest 
automatieity, the rhythm of the normal heart is the sinus rhythm. If, 
howevei’, impulses originate at a higher rate in the atrioventricular 
node than in the sino-auricular node — tliis may occur as the result 
of either an abnormally great iiTitability of the atrioventricular node 
or of a depression of the normal impulse formation in the sino-auricu- 
lar node — then the heart will folloAv the rhythm set up by the atrio- 
ventricular node. If there is no retrograde block, the excitation Avave 
Avill spread to the auricles as Avell as to the A'cntricles, and the result 
is atrioAmntrieular rhythm (Pig. 4). If, hoAvcA-er, the spread of the 
excitation avra'c to the auricles is blocked (“rcAmrsed block”), then 
the aui’icles Avill be stimulated by the .sino-auricular node (Avhich, as 
the result of the block, is not reached by the impulses originating in 
the atrioAmntricular node) and the A'entricles only Avill be stimulated 
by the atrioA'entricular impulses. In this condition there is therefoi’e 
a dissociation of the cardiac mechanism pi’esent, eharaetei’ized by the 
coexistence of a Amiitrieular rhythm of a higher rate, originating in 
the atrioA'entricular node, and a sino-auricular rhythm of a loAver rate, 
originating in the sino-auricular node. Iffo.st of the .sino-auricnlai' im- 
pAilses Avill fail to yield a response from the A-entricles because they 
reach the ventricles Avithin their refractoiy period. IIoAveA'-er, as the 
rate of Ihe impulse formation in the sino-auricular node in such a 
ease is loAA'er than that in the atrioA'entricular node, there AA'ill be a 
continuous shifting of the two rhythms, and those sino-auricular im- 
pulses Avhich reach the A'entricles outside their refractory period Avill 



SCHOTT: ATRIOVENTKICULAK RIIVTUH 


m 


yield a ventrieiilar ('ontraetioii and at ilie same time,, wliile traveling 
through tlie .inuctional tissues, will interfere with the formation of 
impulses in the atrioventricular node. The result is that with these 
conducted sino-auricular beats, and witli these only, the two rhythms 
are linked with one another. The next atrioventricular heat following 
such a conducted sino-auricular beat usually occurs after a time in- 
terval corresponding to the rate of impulse formation in tlie atrioven- 
tricular node because the conducted impulse had temporarily disturbed 
the atrioventricular impulse center. This interval, however, may l)e 
shortened for reasons discussed below in connection witli the present 
ease. 

Such a condition characterized by the eoexistcjiee of a fastoi- atrio- 
ventricular and a sloAver sino-aui'icular rhythm with occasional inter- 
ference of the slower with tlie faster rhythm has been originally de- 
scribed by 'Wilson and by White; it has become more universally recog- 
nized as an arrhythmia sui generis by the extensive studies of Mobitz. 
who called this condition “ Interferenzdissoziation.” In English one 
might call it dissociation with interference, in analogy* to Wenckebach’s 
terminology, Bissoziation mit Interfcrcnz. 

On ordinary clinical examination this condition is bound to be mis- 
taken for a case of iiormal sinus rhythm with occasional e.vtrasystoles. 
Auscultation reveals a regular somewhat slow ihythm witl) oceasionaj 
premature beats. It will be clear fi'om the foregoing analysis, how- 
CAmr, that the regular rhythm is in reality the atrioventricular rhythm 
and that the premature beats are not ectopic beats, but the conducted 
sino-auricular beats. 

The present ease presents several individual features of interest. 
As to the underlying mechanism, we know in this case that for the 
last eleven years at least there was a sinus bradycardia, as verified by 
electrocardiograms, so that we have every reason to assume tliat. there 
has been for years an interference with the normal impulse formation 
in the sino-auricular node. The cause of the temporarily increased 
activity of the atrioventricular node remains unknown, liowcver. Sec- 
ond, from a clinical point of view, it is iraimrtant to note that .small 
doses of digitalis lead to a .symptomatic enre. The only complaints 
of the patient were “palpitations,” and tliese were caused hy the 
arrhythmia produced by the “interfering” conducted auricular im- 
pulses. The effect, of digitalis iu this case was to depress the impulse 
formation in the atrioventricular node so that its antomaticity became 
again le.ss tban that of tbe sino-auricular node, with the result tliat 
sinus bradycardia of a rate of about 3S was restored. With the aboli- 
tion of the arrhythmia the palpitations disappeared, and the patient 
lost the discomfort. This efToet of small doses of digitalis is the more 
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remarkable, as in man.y of the previously described eases exhibiting 
this type of arrliythmia the condition had been earned by large doses 
of digitalis. 

It is worth noting that a mild exercise test (10 times sitting up) 
caused the rate to increase to 42, sinus rhythm persisting. 

From a physiological point of view the fact mentioned above, that 
the interval following a conducted auricular impulse was shorter than 
the interval between two atrioventricular beats, calls for special ex- 
planation. This phenomenon was first described by Sehei-f, and the 
explanation given for his case seems not onlj’’ to be the adequate one 
for this case, but also to receive additional support by it. If the con- 
ducted impulse traveling through the junctional tissues temporarily 
interferes with the impulse formation in the atrioventricular node, the 
impulse formation in the atrioventricular node begins again at a 
moment when the conducted impulse has left the A-V node. This 
moment practically coincides in most eases vdth the moment in which 
the activation of the ventricles starts, as indicated in the electrocardio- 
gram by the onset of the ventricular complex, because the conduction 
of the impulse through the bundle of His and the lower parts of the 
junctional tis.sues is fast. Therefore the interval between the con- 
ducted beat and the following atrioventricular beat is approximately 
equal to the interval between two atrioventricular beats. For those 
cases, however, in Avhich the interval after the conducted beat is ma- 
teriall}’’ shortened, Scherf assumes a disturbance of, and delaj'^ in, 
conduction of the excitation wave of the conducted beat through the 
bundle of His. The result of this delay is that an abnormallj’’ long 
interval elapses between the moment when the excitation wave of the 
conducted beat leaves the atrioventricular node and when it activates 
the ventricles. The formation of the next atrioventricular impulse 
however starts when the excitation wave of the conducted beat has 
left the atrioventricular impulse center. Bj' the time this atrioven- 
tricular impulse travels through the bundle, the junctional tissues 
have had sufficient time to recover, and this next excitation wave 
reaches the ventricles in the normal time, thus leading to the shorten- 
ing of the interval following the conducted beat. Scherf gives good 
reasons for this assumption, and the present case exhibits features 
which may be quoted as additional support: viz., electrocardiographic 
evidence of disturbances of conduction of various kinds : the conducted 
beats show a lengthening of the P-B interval to as much as 0.32 sec. 
as against 0.20 see. during sinus bradycardia; the ventricular com- 
plexes of the conducted beats have a different shape from the atrio- 
ventricular ones due to aberrant conduction; and last, there are the 
differences in the shape of the P-waves indicative of intra-aurieular 
disturbances of conduction. 
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SUM-aiARY 

A case of dissociation -svitli interference of the heart is described 
and the underlying mechanism of the arrh^dhmia is discussed. 

The special features of the case are: 

For the last eleven years at least sinus bradycardia was ]'>rescnt, as 
shown by the history and verified by electrocardiograms. 

There was electrocardiographic evidence of disturbances of conduc- 
tion both in the bundle of His and in the auricles. 

Atrioventricular rhythm occurred at times, the imimlses originating 
in the lower parts of the atrioventricular node, stimulating the auricles 
as well as the ventricles. 

Small doses of digitalis etiected a symptomatic cure. 
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THE ELECTROCAEDIOGRAM DURING AND AFTER 
Ei\'IERGENCB FROM DIABETIC COMA^' 


Samuel Bellet, M.D., and W. Wallace Dyer, M.D. 
Philadelphia, Pa. 

A lthough both clmical and necropsy observations suggest that 
the heart is severely deranged in diabetic coma, electro- 
cardiographic evidence of such derangement has not been frequently 
or consistently found. Previous studies of the eleeti'oeai’diographic 
changes that develop during severe diabetic acido.sis have led to some- 
what inconsistent and contradictory conclusions. Certain ob.servations 
suggested to us that rather marked and, on the whole, consistent al- 
terations of the T-waves and lengthening of the Q-T interval were 
present during certain stages of diabetic coma, not as one might exr 
pect at the height of the coma, but rather after the acido.sis had been 
partially or even completely controlled. These observations led us to 
study the matter carefully in a series of seventeen cases of diabetic 
coma and six cases of "precoma,” the result of which is the subject of 
this report. 

lilTERATURE 

Hepburn and Graham' in 1928 made electrocardiographic studies in 
123 cases of diabetes mellitus and concluded that none of the patients 
vuth severe acidosis showed an abnormal electrocardiogram. Taterka’’ 
in 1929, .studying oases of diabetic coma, observed extra.sy.stoles and a 
diminution in the amplitude of all deflections; the changes affected 
particularly the T-waves, which Averc cither depressed or entirely 
negative. This author felt that the condition of the heart before the 
onset of coma Avas an important factor in the production of these 
changes and that these changes Avere more marked the longer the dura- 
tion of the coma and the greater its scA'crity. Unfortunately the pub- 
lished paper includes no electrocai'diograiihic records. Smith and 
Ilickling^® studied eleetrocardiographically a group of 20 patients, all 
of AAfliom had scA’cre diabetes Avith A'arying degrees of keto,sis but Avith- 
out actual or impending coma. Tracings Avere taken before treatment 
Avas begun and at inteiwals of from Iaa'o to scA'cn daA's thereafter. Of 
these 20 individuals. 2 shoAved inverted T-Avaves in Lead I; and 2, 
iiiA’crted T-AvaA-es in Lead IT ; in all 4 instances these aa'Ca'cs became up- 
right after treatment. Alterations of the T-AvaA'cs of Lead IH, more 
or le.ss marked, oecuri-ed in 11 of tlie 20 patients. Faulkner and Hamil- 

*Proni tho Dhi.fion of Cfii-cUolofrj- and th<; Dhi.xion of MebiljoUsm of Die Pliiladel- 
Pliia OoiHinil Hospital and tlic Hoblnetto Foundation for the Studv of Cardiovascular 
of the VniversUy of Pennsylvania. 
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ton^ were of tlie opinion Unit there %verc no published data to indicate 
that the degree of acidosis reached in disease is sufficient to cause pro- 
found electrocardiographic disturbances. These authors made elect I’o- 
cardiographic studies of lo eases of diabetic coma, the procedure licing 
to take an electrocardiogram immediately on admission in coma and a 
control record from one to eight days later. ^.Phey found the electro- 
cardiogram to be within normal limits in 9 eases, while in 4 the only 
abnormal features (diaphasic or Tk or both) might be explained by 
overshooting, due to high skin resistance. Only two patients showed 
minor T-wave changes which could not be explained in this manner. 
They concluded that ‘'electrocardiographic changes arc not the rule 
in diabetic coma and when present they consist of minor abnormalities 
which are not likely to lie confused with or to mask the picture of 
coronary occlusion.” As far as we arc aware, Ivlingenberg'' is the only 
author who has felt that there were consistent eleetrocardiograjihie 
changes during and following severe diabetic acidosis. Tie observed 
normal electrocardiograms in only one of ten patients in diabetic coma. 

METHODS 

The 17 patients of our series wei'c studied elect rocaivliographieally 
as soon as feasible after their admission lo the hospital. In thirteen 
cases the first electrocardiogram was taken within one to six hours 
after admission in coma; in 2, within six to twelve hours; in 3, between 
twelve and twenty-four hours; and in one case, thirty-eight liours after 
admission; The first electrocardiogram in two-thirds of the cases was 
therefore taken within a comparatively short time after admission 
while the patient was still in a state of acidosis, but, in almost all 
instances, not before the patient had received varying amounts of 
insulin, glucose, and fluids. Tracings were made every day at 10:00 
A.M. and 4:00 p.m. as long as electrocardiographic changes were present 
(usually for from four lo six days) to determine whether certain chamges 
inight be present in the ])ostacidotic period as well as during coma. 
During the remainder of the stay in the hospital, usually for more 
than a month, tracings Avero taken once a day. 

MATEUTAL 

Seventeen patients in diabetic coma and G in prccoma were studied 
in the manner discussed above; 2 of the 17 were studied during two 
periods of coma. The series Avas not at all selected, the cases includcal 
representing successiA'c. admissions to tlie hospital. All of these showed 
the AA’ell-known clinical jiicturc: subnormal lemjau'aiure, rapid pulse, 
Kussmanl resjiiration, moderate or marked liA^ierglyocmia. Avith 
ketosis and a plasma c.arlton dioxide eomhining poAvt-r of tlie blood of 
20 volumes jier cent or less. In 9 of the 17 cases the ctnua tluriug and 
folloAving Avbieh Ave made our studie.s constituted the ffi-st recognired 
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evidence of diabetes. In the remaining jiaticnts, all of n-lioin v,’ere 
Icnonn to bo diabetic, coma in each instance resulted from failure t') 
follow the advised dietary and insulin program. In addition to the 
17 cases, we also studied in a similar manner 7 cases of preeoraa. 
Although the data obtained in the prccoma eases are not included in 
our tables, a brief summary of the findings in this group is included in 
the results of this study. 

Gompheations . — Complications were unusually infrecjucnt in our 
series of cases. One patient (Case 2) developed post-coma lobar pneu- 
monia, from which she made an uneventful recovery, and another 
(Case 6) died fifty-foim days after admission from dennatitis gangre- 
nosa and a severe urinary tract infection. 

Age, Seo'y, and Race . — Twelve of our 17 patients were females and 5 
were males. Ten were white, and 7 were colored. The ages ranged 
from seventeen to sixty-one years, the average of the entire group be- 
ing thirty-five years. According to age groups, they can he arranged 
as follows: 


10-20 yr. 21-30 yr. 31-40 yr. 41-50 yr. 51-00 yr. <51-70 yr. 

3 3 4 ' 5 1 1 

Cardiovascular Stains. — The estimate of the cardiac and circulatory 
systems Avas arrived at by examining tlie patients after their acidosis 
had been alleviated. The clinical and graphic studies made at tlie 
time of discharge led us to conclude that the heart, blood pressure and 
arterial systems were Avithin normal limits in 14 of the 17 eases. In 
one of the remaining 3 eases, clinical examination revealed no tnidenee 
of disease, but inverted T-AvaA-es Acere present in Leads IT and III of 
the electrocardiogram. In a second ea.se the heart Avas not abnormal, 
hut the patient shoAved a rather pronounced generalized arterio- 
sclerosis. In the third instance there Avas a slight cardiac enlarge- 
ment; a soft, systolic murmur AA'as audible at the ape.x; and the blood 
pressure Avas 154/9(5 at tlie time of discharge from the liospital, Xo 
drugs belonging to the digitalis group Avere administered during the 
period of om* obsciwation except .strophanlhin, gr. Idoo; given iuira- 
A'cnoiisly in tAVO cliA'idcd dose.s in Case G. 

Treatment. — All our patients rcceiA’cd routine chemical .studies con- 
sisting of the frequent determination of the blood sugar, the carbon 
dioxide combining poAA-er of the pla.sma, the urea nitrogen eoneentra- 
tion of the blood, and the plasma chloride values. The routine treat- 
ment of diabetic coma Avas applied to all eases of our serie.s. Insulin, 
in. total amount.s from 90 to 6G1 units, the aA'erage being 311. Avas ad- 
uiinistored during the period of acidosis. Fluids in the form of normal 
saline solution Avere ahvays giA'cn either subcutaneously or intrnve- 
nously in average total amounts of 4,18(5 c.e. during the period of 
acido.sis. Olncose Avas given freely, orally, subcutaneously, or intra- 
A*enously in aA-erage total amount.*! of 12(5 gm. Sodium bicarbonate 
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was administered through a retained gastric tnhc in quantities vary- 
ing from 5 to 43 gm. during the period of acidosis in all except Cases 
1, 12, 14, 15, and 17. Acacia Avas giA'en intravenously in Case 8. "When 
the eai’hon dioxide combining pOAA’cr had risen to 45 A’^olumes per cent, 
the patient Avas considered to haA^e recovered from acidosis. 

ELECTROC^UJDIOGR.H'HIC CHAXGE.S 

Electrocardiographic changes, more or less marked, AA'ere obsei’A-ed 
in all the seventeen eases of our series; in the second admission for 
coma of Case 7 the alterations Avere insignificant. Although there Avere 
slight alterations in the P-AvaA^es, the P-R intervals, and the QRS com- 
plexes, these Avere of minor importance. The striking changes that 
Ave Avish to emphasize Avere observed in the T-Avave and the Q-T in- 
terval. The T-AvaA'e changes Avere remarkable for their consistency, so 
much so that in typical cases they might be regarded as almost char- 
acteristic. The a])normalities Avere transient, usually reaching their 
maximum development not during coma but after coma. The changes 
disappeared in all but one instance. In Case 3 inverted T-Ava\'e,s in 
Leads II and III, although undergoing changes in form, tended to per- 
sist, Unfortunately Ave have no control electrocardiogram before the 
onset of coma in this ease. The time interval from admi.ssion in 
diabetic coma to complete return to normal A'aried from three to ten 
days, the average being five days. In seven cases of this series electro- 
cardiographic changes Avere again obsei’Amd after the electrocardio- 
gram had initially returned to normal, the changes being quite marked 
in three of these. The electrocardiograms of the patients in this group 
Ailtimately retunied to normal except in Case 6, in which the electro- 
cardiogram, having returned to normal after the acidosis had been 
controlled, later presented marked T-AAmAm changes so that the eleetro- 
eardiogram at discharge could not be considered normal. In the cases 
lust refei’red to, in Avhich the electrocardiogi-ains after initial return to 
normal Amried on succe.ssiAm days, the tracings taken in the afternoon 
shoAved marked improA'ement OAmr those taken in the morning. We 
are not able, definitely, to explain this finding. In nine eases sudden 
electrocardiographic changes Avere observed to appear in a compara- 
tiA’ely short period of time. In Uvo cases (Cases 14 and 15) marked 
changes Avere observed in the space of two hours. 

Some difficulty in taking an electrocardiogram Avas occasionally ex- 
perienced by reason of the high skin resistance presented by the 
pafients in coma. HoAvcA-er, by the use of salt, pumice, and tragaeanth 
paste and by brisk and repeated rubbing, avc AA'cre able to obtain frac- 
ings Avhich on the aaIioIc Avere quite .satisfaetorj'. 

The high rate in the initial electrocardiogram (120 to 150 per 
minute) at times rendered the accurate determination of the Q-T in- 
tervals difficult. 
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The alterations wliieh B'ore noted will nnve he pi'csoiited in detail. 

T-Waves . — TJie T-wave changes in diaheiie eonui and upon emergence 
from, this state were remarkable, not only lor the presence of marked 
deviations from the normal, but for the completeness with which these 
altered waves returned to normal. In many instances the T-waves 
upon admission in diabetic coma showed little change from the noi-mal 
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either inverted or the S-T interval being markedly depressed, and 
usually being associated with prolongation of the Q-T interval. A 
gradual return of the T-wave to normal occurred in most cases. 
A rather sudden return was observed in others. The follovdng types 
of changes were noted : ele'smtion of the S-T interval (2 eases) ; in- 
verted, changing to depressed T-Avaves (3 eases ) ; low amplitude (2 
cases) ; in another case they Avere unchanged. The most frequent 
change observed Avas depression of the S-T interval accompanied by an 
alteration in the T-Avave (Pig. 2Aff, and Fig. Sb). This T-waA-e change 
might be regarded as almost typical. This depression is not unlike 
that observed as the result of the action of digitalis, Avith the notable 
difference that in these cases the S-T interAml is prolonged, Arhereas 
in the T-wave produced by digitalis it is shortened.® In the fcAv cases 



Pi&. 2. — A (Case 5): a, tracing made Jan. 21, 1935, at 11:55 a-m. (twenty-five 
hours after admission in coma) ; patient had been out of acidosUs for nineteen hours. 
S-Ti.;.s are depressed. The Q-T inter\’al is prolonged- b. Tracing made Jan. 22, 1935, 
at 11 ;10 A.M., twenty-four hours later. Note that this electrocardiogram is now 
practically normal. 

B (Case 7) : a, tracing made Jan. 31, 1935, at 5 p.jr,, (twenty-three hours after 
admission in coma) ; patient had been out of acido.si.s for thirteen hours. Note low 
amplitude of Ti and inverted T: and T*. b. Tracing made Pcb. 1. 1935, at 3 ;15 r.V., 
is now practically normal. 


in AA’hich the Q-T intei'Aml Ava.s not prolonged, the S-T depre.ssion Aras 
practically indistinguishable from .stage 2 or 3 of a digitalis S-T de- 
pression.^® These changes Avere most marked in Leads 11 and III 
although all three leads Avere not infrequently involved. The changes 
in Lead III, howcA'cr, Avere frequent and characteristic. When a 
reversion to normal occurred. Lead I Avas the first to shoAV this change 
and Lead n follcAA-ed. 

Q-'I’ Intervals . — The Q-T interral has been used as a measure of elec- 
trical ventricular .systole.® W'hite and IMudd’'^ found the Q-T intervals 
to be prolonged in bundle-branch block, in the presence of Ioav blood 
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serum calcium, in ventricular paroxysmal tachycardia and in auricular 
paroxysmal tachycardia. Von ITaynaP and Schaffer, Bucka and 
Priedlander^- observed lengthening of this interval following the 
administration of insulin. Lengthening of the Q-T interval was a 



p,V 3__(Cn<=f' 1-1): e. tracinpr Jiwilo March 20. 1035. .nl 3:55 I’.M., tv.o lunir? after 
admission, patient in oonm. Xote S-T Interval dept-es.-mn in I. rrtfiKy 

T; and T, and a lorn: Q-T interval, h. rmcini; ma-h; Au.ixh -I. at e 

patient had been out of jieido.^i.s for m.a hours. T., T: -and T: are !r.v» ;tHH! : toe Q-» 
interval pj'olotirrod. SiibsiHitnnl tnudnes showd irtvidua! impnivtsnor.t •.yitn revWts 
to normal f? Tnielntr made Alarclt 27. 103.5. .at 0:45 .\.M. a’Jie _T-w:KVes in 1 

and If arx^ now upright hut of low ampHlnde: T. h-- a.atten'’d. d fraHnc nm-ie 
”7 msr. at 4-10 P.M. .'Shows Ti and Tr upright and of normal .nmplitmh,'. NonmU !r a* • 
f.jA ‘Traeinc made Miireh 2H. iy55, lO:oS A.M.. 1«.5 h'>pr>- after m nrrdr. Flam? 
WaiinVMmitfrSri =^>5 r.5r.. 5.5 henro after e. is 

again normal. 
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j)rominent finding in the cases of diabetic coma that we studied. Ac- 
cording to the formula of Bazett,'® ^ S == J£ V C as a measure of the 
normal Q-T interval, our results indicated that it was jirolonged from 
20 to 50 per cent above its normal value in thirteen of our seventeen 
cases. In Case 3, this finding constituted the only definite electro- 
cardiographic change observed. Its presence is often difficult to 
determine clearly in the initial electrocardiogram because of the high 
ventricular rate. The change was observed not only during actual 
coma, but it usually persisted for from three to five days after the 
acidosis had been effeeth^ely controlled. The return to normal was 
usually gradual, but at other times it "^ras quite abrupt, a prolonged 
interval returning to normal (Case 15) in a space of .six hours. The 
prolongation of the Q-T interval was present for one or tAvo days in 
thirteen of our seventeen cases, 

P-Waves and P-R Intervals. — The P-waves were normal in all but 
three eases. Of these one shoAved an extremely tall P-AA'ave on the 
day after admi.ssion ; another shoAv^ed a bifid P-Avave on the third day 
after admission; a third shoAV'ed on the day of admis,sion auiicular 
flutter AAdiich gaAm AAmy to a normal rhythm in tAvelve hours. 

The P-E intervals Avere normal except in 2 cases; in one (Case 7a) 
the P-R interval Avas prolonged to 0.22 sec. on the third day after ad- 
mission; in the other (Case 11 and 11a) there Avas a short P-R interval 
(0.06 sec.) AA'ith a prolonged QRS complex, AAdiich abnormality lasted 
six and scA’-en days on the fir.st and second admissioms, re.speetively 
(Fig. l,jS). 

QRS Comx>lexes. — The QRS complexes Avere normal in aU but 3 eases. 
In one (Case 3), as the patient emerged from coma, an initial Ioav 
amplitude of R^ changed to a higher amplitude in tracings taken from 
four to six days after emergence from coma. Slight slurring of the 
QRS complexes Avas observed on the second day in Case 13, The pres- 
ence of short P-R intervals AAith prolonged QRS complexes for six and 
seven days, re.spectively, in the same iiatient on tAvo different admis- 
sions in coma (Case 11) has been discus.sed under P-R interval changes. 

Arrhythmias. — A normal sinus rhythm Avas present in all cases except 
for the presence of a transient auricular flutter in one patient (Case 
10). In another patient, A^entiieular extra.systoles Avere observed on 
the third day after emergence from the coma (Case 13), and auricular 
extra.systoles Avere obserA'ed on the first daj’’ in a third ease (Case 17). 

Relation of Maximum Electrocardiographic Changes to Acidoiic State. 
— Although the electrocardiographic studies in thirteen cases Avere 
made from tAVO to six liours after admi.ssion in coma, the most marked 
eleetrocardiographic changes Avere ob.scrAX'd, not in the fii'st, electro- 
cardiogram Avhile the jiatient aaos .still in coma, but at a slightly later 

*In this forniuln S — Jenijtli of systole ; /f = a constant : O =: cycle IcriKtli. 


UiiLLliJ AKI) DYEU ; I:.‘LW’^l{O(^\KDI0GIiAM IN' DiAlSKTlr COMA SI 

Tabia; II 


ELECTKOCARDIOG'RArrrrC Fixdings 


CASE NUMBER 

g 

K 

C CD 

jii 

£ ►u 
--- 

K S 

^ * 

P a 
■< K 

is 

gc. 

^ § 

S w 

S 

g 2 

W 

S ^ 
9 ci 

y 

< g 

0 

0 

w 

Di c/: 

^ V2 
^ •— 
fc; 

J-w 

c ^ 

w 

•S 5 

••,*■ w-< 

r* 

P c 0 

V: 
p p 

H ^ 

> ^ 
r> 

P ''■ § 

t • 

w 

f 

* <j 

Kr w 

tfT. 

K Ci 

^ ^ ..I 
^ 

i 

IMl’ORTAXT EI.ECTROCARinOGr.ABHIC 
CHANGES 

■ 

, 1 

320 

0 

30 

20 

s 

Elevated S-T interval? in lAiad? II and 

o 

3,07 

ns 

4 

38 

7 

III: Q-T interval, not prolonped. 
Depressed S-T,.,; Q-T interval, normal. 


300 

4 

10 

90 s 

0 

Q-T interval, prolcmge<! 3 day.?; bifid 

Tj, inverted T. became upright on 
1.3th day and again inverjed on 14th 
day after adnii.s.sion. 

Inverted T, ; depre.=.scd S-T., the ek,g. 

,4 

325 

23 

3 

i 

. I 

0 

«» 

5 

315 

25 

32 

! 

( 

25 ; 

n 

•> 

became practically normal within 24 
hour-s; Q-T inten-ai, prolonged 2 day.?. 
Depres.«ed S-T in all leads: witliin 24 hr. 

e 

140 

9 

1 

0 

i 

35 1 

n 

ekg. became jiractically normal: Q-T 
interval, prolonged 1 day. 

After initial depre,«sion of 8-T intervals. 

r» 

/ 

142 

0 

10 

24 

2 

T,. . became deeply inverted ; Q-T in- 
terval, prolonged for 1 day. 

Ekg.. normal during aeido.'iis; T, low and 

7a 

s- 

320 

140 

2 I 1 

1 

20 I 

30 j 

21 ■ 

10 

T., . inverted, 24 hr. later (alteration 
present only 24 lir.) ; Q-T inter%’al, pro- 
longed 2 days. 

Xo ekg. change? during ?econd admi.^sion. 
])epres?ed S-T.,,; Q-T interval, pro- 

9 

340 

0 

7 i 

23 i 

7 

longed 3 day?. 

Deprc??ed S-T, all leads; after initial re- 

10 

i 

1 

i 

i 

1 

340 

i 

i 

1 

1 

I 

I 

3.5! 

1 

i 

I 

j 

0 i 

S.5 

0 

»> 

turn to normal, T-wave? were higher in 
r.M. than in a.m. on several successive 
days (see te.xt) ; Q-T intenml, pro- 
longed 2 day?. 

Transient auricular Jbiffer; depros.-ed 

11 

i 

340 1 

4 ! 

1 

s i 

5 

24 •; 

0 

S-T.,.; Q-T, prolonged 3 day?. 

Ekg.. entirely normal during acidosis: 

' 

1 

I 

I 

i 

j 

i 

( 

i 


: 

j 

24 hr. Inter, P-R became .short and 

QRS M’idoned; the.se ehange.s continued 
0 dav?; Q-T. not affected. 

nil 

120 j 

30 i 

s ! 

12 [ 


Short P'R with widened QRl^, pre.sent in 

, J 


1 

!’ 


lir.st ekg. and continued for 7 days: 

. 

1 

j 

1 


f 

1 

: 

T., - uprigltt in 3?t ekg. and InvcrtCHi 

- 

■| 

1 

I 

1 

\ 

1 

2 hr. later, withouf cliangc? in QHS: 


1 

i 

1 

1 

i 

Q-T infen-al, Jiot prolonged. 

I- 1 

120 i 


04 i 

0 i 

4 i 

Elevated S-T,. bifid T,. Q-T, pro- 


• 


t 

I 


1 

longed 4 dav?. 

in ! 

125 ! 

•> ‘ 

.» ‘ 

s 1 

.'US; 

«» { 

Deprcs.'ed S-T intervals in nil le.ads; 

i 

( 

i 

J 

5 

! 


1 

ventrienl.ar extnisjvtoh*? on 3rd day; 



; 



I 

Q-T intennl. prolonged 2 thiy<: at'ter 

■ i 

/ 

! 

I 


1 

inifial return to nonurd. frequent 

! 

i 

f 


} 

1 

transient T-wave iTirietiiV-. 






82 


THE AISIERICAN HEART JOURNAL 


Table II — Cont’b 


IMPORTANT ELECTROCARDIOGRAPHIC 
CHjVNGES 


Inverted T-wave and depressed S-T in- 
tervals in all leads; Q-T interval, pro- 
longed 4 days; after initial return to 
normal T-waves were frequently taller 
in p.M. than in a.m, (see text). 
Inverted T-waves and depressed S-T in- 
tervals in all leads; Q-T inten'al, pro- 
longed 2 days; transient alterations of 
T-waves after initial return to normal. 
Depressed S-Tj, .; this transiently reap- 
peared after initial return to normal; 
Q-T intervals, not lengthened. 
Depressed S-T,,,; after initial return to 
• normal, this reappeared transiently; 
Q-T prolonged for 4 days. 

period ivlieu the patient was usually out of acidosis and appeared 
clinically improved. The most abnormal electrocardiogram in these 
thirteen eases was observed about tiventy-four hours after admission. 
Of the remaining cases of the series, in Case 11a, the most abnormal 
electrocardiogram was observed twelve hours after admission, the first 
electrocardiogram hai'ing been taken tv o houi’s previously. Of the 
remaining four cases the most abnormal electrocardiogram was taken 
twenty-one to thirty-eight hours after admission. Thereafter the 
electrocardiogram tended to return gradually to normal. After a 
return to normal had taken place, other changes which will be dis- 
cussed subsequently were observed. 

The electrocardiograms of seven cases of precoma were studied in 
a manner similar to the cases of coma. In one of these cases the 
administration of digitalis complicated the electrocardiographic pic- 
ture so that the results in six eases will be briefly’^ recorded. The 
electrocardiographic changes were in every way similar, although 
slightly less marked than those observed in the ease of patients in 
diabetic coma. ]\Iarked changes were observed in one case, moderate 
changes in four, and slight changes in one ease. The Q-T interval was 
prolonged in every case; in one patient (Case 6P) the prolongation 
lasted eleven days, which was a longer period than in any other case 
of the entire series. The S-T interval was depressed in 5 cases and the 
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T-wave inverted in one case. In one case {4P) the T-vaves were in- 

■\ eited in Leads I, II, and III and after a month had not yet returned 
to normal. 

dlie explanation lor the presence of the most marked eloetro- 
eardiographic changes approximately twenty-four hours after admi.s- 
sion is not entirely clear. It has been stated by IMaster and his ass<i- 
eiates** that in pneumonia the most abnormal eleetroeardiograpliic 
changes -were obtained during the period of convalescence. It is quite 
possible that the maximum amount of myocardial derangement occurs 
many hours after inceihion of the acidosis. A pai'allcl might be drawn 
with coronary occlusion in which the cardiac damage and the electro- 
cardiographic tindings may be most marked from twenty-four to 
forty-eight hours after the occlusion. The suddenness and complete- 
ness of return to normal in these cases, sometimes in the space of; a 
comparatively few hours, is an incidoit the like of which we are not 
acquainted with in other cardiac states. 

That the severity of the electrocardiographic changes is indcpeiident 
of the condition of the heart before the coma is indicated by the fact 
that the electrocardiographic changes were as frequent and as sevo'e 
in the younger patients, in whom the hearts were apparently normal, 
as in the older diabetics with myoeardial disease. 


niscrssiox 

The marked electrocardiographic changes that we liave described 
can be only the result of myocardial derangement. The striking 
feature of the alterations is their usual brief and Immsient nature. 
This would suggest tliat tlie myocardium is not iicrmaneiitly clianged: 
that the effects are upon function rather tlian upon structure, as n 
rule. However, the changes are not always transient and rever.sihle. 
This is indicated by Case 4P, in which the electrocardiogram continued 
to he abnormal for at least one month after the. acidotic state had ])een 
completely controlled and also by the fact that the myocardium of 
individuals dying during diabetic coma is often markedly degenerated 
at necropsy. 

, This behavior suggests tliat the altered metabolic proce.sscs incident 
to diabetic coma, although msunlly atTeeting the fuuetion of the 
myoeardium and therefore being rcversihlc,^ may, if they are long 
continued or very severe or if the muscle is for .some rea.son ]>arlicu- 
larly susceptible, alter the struelure of the myocardium permanently 
and .severely. 

However, when an attempt is made to determine th.e fe.ctor or 
factors iiresent during dialietie coma that arc spcciticrdly re.sjionsihle 
for the alteration of the myocardium, one is faced with a very complex 

*Tho On-iTi'j "roversiMf clirniKt'-O* umi nr.a th-ir o.> 

futu-tionul nnfi f^rfriuntc havo rt'c-r.Uy If.N'ii By r.T-,! Orttvilry.: 
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problem, for many chemical and metabolic processes both intracellular 
and extracellular are profoundly altered during this state. Among the 
factors which may affect the myocardium are (1) acidosis per se, (2) 
the disturbances in electrolytes, c.speeially sodium chloride, (3) altera- 
tion in the circulating blood volume, (4) dehydration, (5) the presence 
of azotemia, and finally (6) the effects of the various thei-apeutic pro- 
cedures. Of these, insulin is perhaps most important, although the 
administration of normal saline, glucose, and sodium bicarbonate 
should also be considered. We have no personal observations nor have 
we found in the literature any evidence to commit definitely one of 
these factors as responsible for the alterations in the electrocardio- 
gram. Anj' discussion on the iio.s.sible role of these factors would there- 
fore be largely hypothetical. We do, however, wish to consider bi'iefly 
the possible role of insulin, for the reason that we have some data 
which indicate that it itself is not causative of the changes observed. 

Insulin Avas administered in most eases in large doses during coma, 
often 50 to 100 units haA’ing been giA-en before the first electro- 
cardiogram Avas, taken. That insulin can produce electrocardiographic 
changes coincident Avith the production of hypoglycemia is Avell estab- 
lished.®’ “ Studies by Schaffer, Bucka, and Priedlander^' von 
Haynal, Vidovsky, and Gyorgi,® and Soskin, Katz, Strouse, and Eubin- 
feld^^ have been i-eported in which the administration of insulin im- 
mediately covered by sufficient glucose to prevent hypoglycemia in a 
patient Avith cardiovascular disease also resulted in electrocardio- 
graphic changes. These alterations have been ascribed by these Avork- 
ers to the direct effect of insulin upon the myocardium. In spite of the 
conclu.sions of these authoiAS, there are sevei-al I’casons that lead us 
to feel that the changes observed by us, Avhich Avere more marked and 
of a different character, cannot be attributed to the action of insulin 
per se. In the first place, in some of our patients, as in the series of 
Taterka,^® pi-ofound alterations Avere observed in the electrocardio- 
gram taken soon after admis.sion in coma before the insulin adminis- 
tered could haA'e produced any profound effects. In the second place, 
in many eases larger doses of in.sulin giA’en after the return of the 
electrocardiogram to normal failed to produce consi.stently the changes 
noted during the aeidotic state. The third reason Ave believe that 
insulin Avas not the cause of the alterations lies in the fact that U'C 
encountered the identical changes in a patient Avhose acidosis Avas 
nondiabetic in origin and avIio receiA'ed no insulin Avhatever. 

This patient, a colored woman aged thirty-tAVo years, Avas admitted 
in ketosis on four separate times Avithin the space of one year. Al- 
though .she had a severe acidosis on each admission Avith the eaihon 
dioxide combining power of the plasma beloAV 20 A-olumes per cent, 
the blood sugar ahvays ranged betAveen 80 and 320 mg. per cent. 
While tlie cause of her acidosis has at this date not ])ecn finally deter- 
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iTiiiied, it is definitelj^ not of diabetic orig^in. Insulin ivas administered 
during- tlie first admission but not in the other three. Tlio electro- 
cardiogram of this patient (wlicn insulin n-as not given), nevertheless, 
sho^ved findings similar to tliose above described, Vifh the exception 
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pif^. .j. — A (Case Gi ; n. Traciri.t: iitadf! June J!>. IPS.V 2:1.', r.’.f., two hosrn-- r.f?<r 
Jitlmi.'^sion in coma. Nolo depn’.'i.-'i'a and sliirlitly mvtrt'.'d Ti and invent'd T;, X 
'Tnioinf; nmdn June 20, 103.5, at J r.M., twenty-two liftujp sifter jtatienl wj’s." nut of 
Hcidosis. Xotc j^liphtlv invi'rtod Tj and inverted Tt atnl IX ,nnd a?t«a,-n,'e e.f ^f-T d''" 
tn-e.s.Klon. r, Tnicins- iti.ade June 25, 10.35. at 11:30 A.M.. pr.-ietienBy norni.-O wisli "rxc'-;- 
tion of loft axis deviation. 

B, case of acidos^is. etiology undetennined fno insulin atSminiMotMi) : o, Tracin?: 
made Jan 23, 103.5. at 1:1'* I'.V., twenty luixir.* uft* r titlniirsion in sieldvptj-. 'ils" 
CO; cotnliining power of th*- blooti on admi.s.nion wnj> 13 vo!U!m,5 per cent; fst th>- tim'- 
thl-s tracing 'wa.s tsiken it imd returned to norma!, belr.K 63 volum. .--- per e; r,?. f>. 

Tracing made J.nn. 21. 1?5;">, :it ?:t:> A.M.. .elsowa flatient'd. Ti and .‘^‘-T:. 

■. Tracing made J.-in. 2V 10:;.'t. at 5:30 I'.M.. I.s consp.'iTr.tixvdv ni-)!7r."i!. 
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that the Q-T interval was not prolonged (Pig. 4J3). We regard this 
one case as important since it shows that profound electrocardio- 
graphic changes can occur in and after emergence from ketogenie 
acidosis without insulin administration. 

SUMMARY AND CONCLUSIONS 

1. Except for a repeated study in one ease, electrocardiographic 
changes were observed in every one of our 17 cases of coma and in 
6 cases of precoma studied by serial electrocardiograms during and 
upon emergence from diabetic coma. 

2. The electrocardiographic changes of the coma cases were graded 
as severe in 8 eases, moderate in 6 cases, and slight in 3 eases; the elec- 
trocardiographic changes in 6 preeoma cases were similar although 
less severe than were the changes of those patients who entered the 
hospital in coma. Only one showed severe electrocardiographic 
changes ; 4, moderate changes ; and one, slight changes. 

3. The chief alterations observed ■were lengthening of the Q-T inter- 
Aml, depression of the S-T interval, and inverted T-waves. Alterations 
in the QES complexes were infrequent. 

4. In all except 3 eases of the entire series of diabetic acidosis, the 
electrocardiogram eventually returned to normal. 

5. The most abnormal electi’oeardiographic changes were observed 
not during coma but about t-^venty-four hours later when the patient 
was clinically improved and out of the aeidotic state. 

6. Sei’ial electrocardiographic studies may be an important method 
of gauging the severity of cai-diac disturbance during and uiion 
emei’gence from diabetic coma. 

7. Tlie significance of these findings is discussed. 
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CARDIAC SYNCOPE 

Concerning the Clinical Differentiation of Its Types 

Joseph F. Borg,* M.D., and C. E. Johnson, M.D. 

St. Paul, Minn. 

C ONSIDERABLE iiitere.st Las been aroused in recent years con- 
cerning' cardiac .syneoiie, its nature, and the prevention of at- 
tacks. It lias become fairly well recognized that these seizures are 
due to the occurrence of episodes of transient ventricular standstill 
or fibrillation, and certain opinions concerning the i-ecognition and 
treatment of these attacks have been put forward. On account of 
the obviouslj' limited opportunity for the study of these transient 
seizures, it seems wise to discuss this subject in the light of observa- 
tions made on a ease herein reported. 

In ventricular standstill, the moi-e common of these conditions, it 
has been fairly well established that epinephrine and ephedrine are 
effective in preventing the seizures, a marked stimulus to rhythmic 
ventricular rhythm resulting, as shown bj’" Nathanson. Less clear is 
the ideal therapy for the prevention of recurring attacks of ventricu- 
lar fibrillation. Dock,^ i\Iorawitz and Hochrein,^ and NathansoiF af- 
firm that quinidine diminishes the tendency to ventricular fibrillation 
by decreasing the irritability of the ventricles. On the other hand, 
Sclnvartz and Jezer'* report two jiatients with complete auriculoven- 
tricular dissociation who were subject to recuri-ent attacks of ven- 
tricular fibrillation and who during iieriods of freedom from attacks 
regulai’ly responded to intravenous quinidine with the development 
of ventricular fibrillation or prefibrillatory arrhythmia. 

While controvei-.s3' may exist over the treatment of these conditions, 
their clinical differentiation, if possible, is nevertheless important in 
this eonsidei-ation. Since both of these conditions are usually found 
in connection with complete auriculoventricular dissociation, the basic 
heart rates are generally slow. In ventricular standstill, while obser- 
valion prior to an attack may occasionally reveal the presence of 
dropped beats or premature contractions, the usual course of events 
is the sudden cessation of ventricular activity without warning, as 
described by numerous observers. 

In transient ventricular fibrillation, little was known regarding the 
mechanism and possibilities of recognition clinically until the studies 
of Schwartz and his coworkei’s^ were bi'ought out. These showed 
that there is usually a change in the course of events for an appreci- 
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able time, -usually several lionrs, before tlie onset of an attack. This 
starts Avitli a gradual aeceleralion of botli veutrieirlar and auricular 
rates, the imlse rising to about 50 lo 60 beats per minute. Tlien the 
iiiti usion of increasing numbers of ectopic beats of varying ventricular 
foci, left and right, occurs, producing a marked arrbythmia. This may 
be interrupted bj’- a few isolated fibrillatory movements, and then the 
attack, begins. 

These observations would make it appear possible clinically to dif- 
ferentiate these conditions, since no ii'regnlarity simulating the pre- 



fibrillatory type has been found described in the liicratnre, although 
Schwartz, in a personal eomTunnicalion, recently states that lio Jtas 
seen several records of patients will) auricular slandstil!. which showed 
introdnetorv arrhythmias similar to those ju'ccedisig ventricnhir Obrii- 

lation. 

Tlie studv of a jiatient subject to recurring attacks of ventricislar 
standstill wbieb were preceded by an arrhythmia similar to that de- 
wribed as a pretibrillatoiy mecinujis)'.) %v5l] therefore cast fiuuht upms 
this method of clinical ditTereniiaiion, and seems w(.rfhy of re|>ort. 
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CASE REPORT 

J, S., aged twenty-six years, was admitted to Betliesda Hospital, St. Paul, on 
July 9, 1935. He was a student and a trumpet player by occupation, and had 
always been well until January, 1933. At that time he developed acute coryza 
but worked daily. His sister was sufTering from chickenpox, and he was said also 
to have had this disease althougli no rash appeared. Two daj’s after this diagnosis 
was made, he fainted while reading a newspaper. He was ob.served by his brother 
to be very pale, rigid and breathing heavily. He was unconscious one-half hour. 
The next day he consulted his physician who had an electrocardiogram taken, a 
diagnosis of left bundle-branch block and two-to-one heart-block being made. The 
heart rate was 70 per minute. He did not complain otherwise, but following this the 



Fif;. 2. — Record taken July 11, 152.5. between attack.s of .s.vncops, patient poing 
comfortable. Tlil-s shows e.^-sentiallv similar wave contour.?, but a complete auricuio- 
ventricular dissociation with bunule-br.anch block has appeared. 

attacks recurred about once a week. In February he con.«ultcd another physician who 
told him he had congenital heart disease. A week later lie consulted a third physician 
who prescribed ephedrine sulphate, grains %, three times a day. He then. felt fairly 
weU until June, 1933, when he began to have a recurrence of frequent attacks c.spe- 
cially at night. These occurred as often as every 2 or 3 minutes lasting Vi fo 2 
minutes each. He was .«ent to Abbott Hospital, yiinneapolis, where the attack.? were 
prevented by the use of epinephrine. He was again retunicd home where the at- 
tacks occurred at irregular inteiwal.*--, and fear of them caused him to remain in 
bed for two year.?. Intervals of as long as two months occurred between attack.?. 
On July 4, 1935, he had a series of severe attacks which were not relieved by 
•adrenalin as well ns previou.ul^'. On .July 9 he had a very .«evere attack, a condition 
jescrabling status epilepticus, and was admitted to the ho.spital. 
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Pliysieal examination revealed a well-nonrished and w}i-<lev.dop>a] young man. who 
sliowed no significant findings except for the heart. This was moderately enlarged 
to the left. Tlie rate varied from 4S to (50 per minnte and the rhythin tippented 
normal. There was heard a soft sy.=tolic murnnir at the ap(>x. not transrnitt.'d, nnd 
tlie second pulmonic sound was accentuated. TJie blood pres.sure wa.- MO nim. 
systolic, 100 mm. dia.stolic. 



Fijr. 3.' — Continuous strip record of I..ead It showhifr ttic onset, dur.uinn, arol 
ce.ssation of an titlaok of ventricular stand-stlU ami syncope Sastlnc' t.'i s«r“nii'', JVf'-. 
ceding: the onset there i.s a complete hearl4>?ock M'itli i?>;venit beats freon a V‘>ntrln- 
ular focus, followed b.v a pcrio<i of auricular contractions itraiUirilp.' dir- 

appo.ar. Kfrectivc ventricular contractions are initintcHi by two bia.’trr* cortipl'-sos ig 
right ventricnlnr origin, followed hy a ieft Y<«ntricU!ar tnrhyeanila with a prohnblt 
shifting of the focus' of stimulus, 

llepeated tittacks of SYncoja' mantrn'd for twenty-four hours after adndrssor!, caclt 
lasting as lon<i us several miiniics. These were so s-.-ven' th.at irdnu-.’ird.iae inier'JoriJ’ 
of ndrennlin. cardiac needling, or sovctc pri’rordial blows were m'-c>iary to .start 
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cardiac aclivity. They occurred at inferval? of a few minutes to one-half Isour. 
riiereafler. the attacks ceased, apparently heing- controlled hy freqmml 5 minim do.-es 
of. adrenalin subcutaneouslj-. He improved considerably aitiiougii lie was disoriented 
foi , about three days. On July ].'! fhe attacks, recurred with great frequenev for 
about twenty-four hour.s, tlieii diminished, and ho felt fairly well until July 10 
Avhen they reappeared ns often as every one-half minute, persi.sting for eight hour.s 

when ho died in an attack, intracardiac adrenalin being of no avail. Autonsv was 
ref ipsed. ■ 

Iiiimediatelj' prior to tlio attacks of syncojic there could be made out a variefv of 
ditferent heart rhythms. Those were usually irregular, observation at tinuss .S!n:ge.st- 
ing extrasj.stolic arrhythmias, at other tinie.< auricular fibrillation. The rate was 
usually accelerated from SO to 120. Tlie.se rhythms .‘Suggested verv much tlie tvpcs 
described by Schwartz and hi.s coworkens as jirctibrilialory rhythms, and had it not 
been for the previous benefit obtuined by the u.<e of epinephrine, one would have been 
hesitant to use it.. Elcctrocardiogram.s taken before, during, and after attacks show 
the bizarre and variable arrliythmia.s whhdi occurred. The.'-e are shown and described 
in Figs. 1 to u. Except for Fig.-^. 1 and 2, as shown, all records arc from Le.ad 11. 



Fig. 5. — Two records .'showing the mcclmni.sm of ce.s.«ntion of the .attacks. After n 
few' bizarre conlracUons :t fairly regular vtuitririilar taciiycardia. (jcgin--. This 
would .graduallv become slower and a. type of rhytiun illu.slrated bv Kiga 2 would 
nupear. 


DI.SCUP.S10N 

It is hoped that the rejiorl of this ea.se mat’ add to the. aeemnuiatiiig 
infonnalioii rcgardiiifr tlie iiieelianisin of eardiae. syncopal seizures 
and their proper iiilerprelalion and treahnent. A pnneity of iv])orts 
lias made diftienlt tlieir jiroper evaluation. 

Epinephrine is becoming widely used in the treatment, of Aflams- 
Stoke.s seizures, regardless of the fact that there is n.sttally no knotvl- 
. edge of the mechanism of the attacks. Scdiwnrtz and dezer liave 
demonstrated the tendency of this drug to jn-odnee ])re,fihril]atory 
states and attacks of transient ventrieular tihrillation in patients who 
have been kiunni to he subject to the latter sponfaneousiy. Xathan- 
soii s experimental work snjijiort.s these observations. It is tlierefore 
im]iortant to watch carefully the effecit of this drug on patients with 
such .seizures in whom the mechanism has not been definitely es:tabl{siie<l. 


94 


THE AJIEUICAK HEART JOURNAL 


In conclusion it may be pointed out that it is apparently unsafe to 
judge from a study of rhythm immediately preceding an attack the 
mechanism which ma}' he responsible for its production. As far as is 
known, no clinical observation can accurately determine this and elec- 
trocardiographic study during an attack may he necessary for ab- 
solute certainty. 

SUMMARY 

Attention is called to a prevailing opinion that a study of the mecha- 
nism of the attacks of transient cardiac syncope Avill differentiate 
them as caused by ventricular standstill or ventricular fibrillation. 

A ease of recurrent ventricular standstill in a young man with com- 
plete heart-block, in whom the mechanism of the attacks resembled 
that of transient A'entricular fibrillation, is reported. 

It is sugge.sted that such differentiation is probably not possible 
clinically without electroeai-diographic records. 
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Keport of a Case AYith Pkoxouxced Eeectroe.akdioorai’Jiic Chanoes 


JaAIES T. QUATTf.EBAE'AI, 1\LD, 

Cor.u.MBiA, S. C. 

p* EECTROCARDIOGEAPHY has attracted little intci'ost eonceniing 
^ its i-elationship to the cardiac disability of arteriovenous aneurysm. 
An extensiA'c I'eview of tlie literature shows that .scvei’al investigators 
have included clinical and cxj)ci‘iniental electrocardiograms in tlu'ir 
studies (Lewis and Druryd Gage and TTermaini,-' " Reidd and others). 
The abnormalities, however, were so sliglit tliat little was to be said 
about tliein. Compression of the aneurysm W'ith slowing of the pulse 
(Branham’s bradycardiac phenomenon) has invariabh' ap)>eared in 
the electrocardiogram as a simple ])]-olongation of the diastolic pause. 
As noted by LaPlace'* in a recent report, it is surj)rising how few 
electrocardiographic changes take place even when the heart is 
soA'crely affected. Nevertheless, marked changes do take ])lace though 
they are seen only in the last stages of tlie cardiac decompensation. 
Tracings showing these marlu-d abnormalities have rarely been pub- 
lished or described — though an enormous amount has been written 
about arteriovenous aneurysms. 

Tliese defects, which may be acquired or congenital, are probably 
much more common tlian is generally supposed. Rictihoff'* in 
found more than 500 re]}orted cases (2-1 cojigjmita!) an<l since that 
time tlnu’e are tnany more on record. IMatas’ has rc‘cords of -41 (10 
cerebral type) and I’embertoiP .states that 25 jmtients were operated 
on at tbe ]\layo Glinic b('twcen 1915 and 192(1 (1(1 aequircrl and 9 
congenital). iM'ore tbiin 75 cases of comnumication l-etween the aorta 
and vena cava liavc been rei)ortod (Sheniian,'' Hartman and Levy’"). 
Three arteriovenous aneurysms were of mycotic origin. “ and several 
have been produced i>nrposely’- iti the hope that liic pressnr<‘ in aorta, 
would he reduced and aortic aneurysms relieved of strain. 

Until twelve or fifteen years ago, the truly det ritmunal effects of 
these fistula.s were utdcuowu and ])rior to that titne cases were reported 
primarily in regal’d to tlteir surgical care. Tlic heart disability, if 
observed, was tlmuglit to be coincidental.’” k'rom tl’c report.s of hun- 
dreds of tliese eases, it is obvious that many Itad no bc.art dise.bility. 
^fost of those seen by iMakiir’ were of sneji receiit origin that the 
cardiac disturbanee bad not d(‘V<‘iopcd. Th.en. too. all the ceri-brnl and 

the \h(et5Ui8* A«Jiiuni.<tr.'itfVin no'spitiij. S'. C. 

nubii.^h-.Hl wUJi ttie of ti-.t- Dh-i etor of tiu- V« {< nse.V 

tion, >vlio ho for tin- f.r ttiv 

Urawh by tic..- v,-rUer. 



96 


THE AMEIHCAX HEART JOURNAL 


most of the congenital cases have had no cardiac complications,, which 
is probably true of any small one in the periphery. Some writers iiavo 
stated that none of the congenital fistulas show cardiac changes, but 
Lewis^^ cites several instances^® including one case seen by himself, 
disproving this idea. According to Thomason,^' Callander’s’® analysis 
of 447 eases disclosed only 16 ha\dng cardiac hypertrophy. Matas,’ 
however, found cardiac signs or symptoms in 70 per cent of his 31 
eases, after the 10 cerebral eases had been excluded. Thus we sec 
that eases with cardiac changes are far from common and of those 
with cardiac hypertrophy, in only a few were electrocardiograms 
made. Few of these tracings have been published. 

CASE REPORT 

"White male, aged forty-five ycnr.c, a stone and cement worker, was admitted to 
hospital Oet. 2G, 10.35, complaining of severe .shortness of breath and swelling of 
the entire body. Tie had been fairly well until about one year previously when, 
following an accidental fall on his back, he began to have shortness of breath, 
though he was not hurt by the fall. He continued to do some work until one month 
prior to admission. After reconsideration he remembered that he had slight dyspnea 
and palpitation as far back as 1917 and had been rejected from the army on account 
of his heart. In 1912, he had been accidentally sliot in the right groin and left hip 
and though he had soon noticed a a-ibration or buzzing feeling in the right leg, 
this extremity did not swell or cause any particular trouble until some years 
later (1927), when a largo sore formed on the inner lorvcr side and avould frequently 
retuiTi following the slightest injury (near the internal n7all'’oJus). The swelling 
of this log began and became more and more pronounced. During the past year, 
he had three attacks of pain in the epigastrium and lower sternal region, not 
radiating. They were associated with exertion. After these spells ho noticed Fomc 
tenderness in tiic region of the liver. Slight jaundice was noted about one month 
prior to admission. 

Pdxt nixtorif . — He always did hard work and was !-eliloni sick except during the 
past few years when he had been fretiuently hospitalized on account of slight in- 
juries to the alfectod leg which did not heal readily. He had bronchopneunionia 
in 1932 witli uneventful recovery and influenza in 1922. He denied rheumatic fever,; 
scarlet fever, diphtheria, or sj'philis. He was married and had five living children. 
Jlis f.'ither and mother were living and well, aged sixty-eight and sixty-five years 
respect ivel.v. 

Phifsirnl ExMininaiion . — Pulse was 120; respiration, 20; temjjcrature, 9S.fi° Ft 
he was a wcll-develo[)ed white male with obvious dyspnea, cyanosis, anasarca, and 
®b&ht jaundice. The edema involved the face, and the abdomen was so tense tliat 
it could not be palpated satisfactorily. The lower legs were enormously edematous 
and practically of equal size. Xo dilated veins were visible or p.alpablo in the right 
leg or abdomen, but there wa.s a large discolored area ju.st above the internal mal- 
leolus on the right, apparently the .site of an old varico.se ulcer. .lust below 
Poupart’s ligament on the right, an inten.se thrill could be palpated over an area 
about 5 in. by G in. This area showed no enlargement and the pistol bullet scar 
wa.s so srardl it U’as scarcely visible. Auscultation O'.cr this area revealed a very 
loud continuous machinery or humming murmur with .sy.stolic accentuation. This 
sound seemed best transmitted upward and also toward the lower, outer portion 
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of the leg With f.nn pressure over this area, these signs censcl: the mtho nfe 
ocreased^ from 120 to 60 (Branimm'sio bradycanliae idienomenon). The Wood 
pressure mereased from 100/80 to IGO/SO. At. no time vras a murmur diseenu-hle 
%ei tlie iieart. There Avas typical evidence of auricular fibrillntion, and this 



Fig. 1. — Before operative cure of the aneurysm. Mid.sternum to tin- rirht iieart 
border, G.S ; midsternum to the left heart bordci-, 13.2; cliest, 31, 

B'fr. 2.— Seventy-.six days after operation. Mid.^termim to tiie riKlit heart border 
•1.7; midsternum to the left heart border, 10..3; che.st, 31.7. > n.i i. 



Kijr. 'I. — Before operation, 
lead.s, VentTlcular mte, irio. 


dimini.''-l;ed voltace, T-vaves alrmost {.•s.'i'-tvetric ia 
Atirloular I'lbrilbstion. PiKit.nlir.atSen inf'oau'b.te. 


:\n 


yip. •!. — X'ine da.vs after oper.alion, jnere:i«ed vtdtauv, decieass-d rate. 


uot uiTected by compression of the fistula except as to rate. P.loo-i ^ircssurc of tl’c 

aireeteu leg could not bo a.«certnined. Blood pre.ssnre of the other leg was 

right arm, 2o0/S0; loft arm 300/8vl. Cardiac duliness was mr.thedly 5KCjea.-<'d eh' 
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tending, in the sixth interspnce, about 14 cm. to the left of tlie luidstcrnal line. 
The apex impulse was not visible and was quite feeble. The heart sounds were soft, 
indistinct, particularly at the base, and there was complete arrhythmia. Peripheral 
arteries were not thickened appreciably. Tlic liver was believed to be quite large 
but could not be palpated satisfactorilj-. No pronounced pulsation of the liver 
was detected. 



Fip. 5. Fig. 6. 


Kig. r>. — Forty-six days after operation. Ventricular rate increased during <iuinid!nc 
tlierap.v. 

Fig. G. — F<irty-.''’evtn d.'iyr after operation. Normal rlivthni re.storc'd. Quinidino 
di.'^eontiniied. T- and Tj more deeply inverted. T. diplia.sic. 

Lnbornton/ Finilingn. — Was.'-crinann reaction was negjitive; urine specific gravity, 
1.017 ; very faint trace albumin, a few white blood cells and a few granular ca.sts. 
Otlier tirinaly.ses were negative. Leucocyte coimt was 12,000; polymorphonuclear 
leucocytes, 71; lyinpliocytc.s, 20; monocytes, -1; eosinofihilcs, 1; basophile.s, Ij 
hemoglobin, 90 per cent (Tallqvi.stj ; nonprofein nitrogen, 00.(5; creatinin, 1,8. 
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Iiildstcmiliii to rigllt heart bonier, II.S e„,.; mMjieroom (o left heart i.or.Ier, K;..-’ 
cm. A groat deal of ]i\-|>o.stalic; <'ongo.«tjon ovi(?(mf (Fitr. 1). 

_ A-ray films taken after operation slnnved marked docro.-.se i„ tie sire of tlie keatf 
Though an x-ray tdm made nineteen days after operation slnnved a verv pronmnme.l 
1 eduction in the heart shadov.-, a subsequent ilhn, seventy-six davs after oneratbm 
showed still further decrease ('Fi<'' e j • . . 

V 0“ •“/ * 



j'icr. T. — ICi.ahty-eialit dajs after on‘'r;ition. Tairhty-ft.sir days e.ft-r itScUalF yss 
discoiitinutsd. and 11 days aftei’ oufniiHno was diseontimtt. d. 

Fifr, S. — A*im'ty-fH'e days after 4'ure <>f am urysai. T; UiarieiU. U' ett: ed Ts di- 
minished. 

Fitr. a. — One liundri d t wenty -tiiree days after cure <if am-ury.ctn. Ti r ns ?i-r o!S!.- 
uinijtht. T5 ntinost isoeloctrio. t.h iia.« not imj'rovcd, 

J-jlci’.Irm'ardi'ntjriunf: shov.'cd jsronoim^’cd almormnlities '.vldch* i-o* !v 

relumed to normal ii3 days after operation (»]> day,-, after digital:,' !.:■■] h'i-n di;- 
contmuod). 
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Tlie series of changes which took place is interesting. The first elcclrocardiograin. 
Fig. 3 (prior to operation), showed diminished voltage, and there was an occasional 
ventricular ectopic beat. The T-waves were slightly inverted in all leads, almost 
isoelectric. At the time of this first tracing, 25 c.c. of tincture of digitalis had been 
given by mouth. However, since the average 'S-T segment did not show a typical 
digitalis effect, and %rith a rate of 100, it was believed that a full digitalis effect 
had not been obtained. 

Following the operation, the voltage promptly increased, T, and T. became more 
deeply inverted, and T, gradually became upright (Figs. 4 to 9). Slore tlian three 
months after the operation T, became upright and Tj showed evidence of beginning 
tiiis change. Lead R’', when first observed, showed a very small Q and a somewhat 
flattened T which soon became diphasic and then normal. QES, at the time of the 
last tracing showed no evidence of returning to normal. It had developed some 
notching, and Q, was even smaller than on previous occasions. 

Course and Treatment. — Morphine was administered immediately and digitaliza- 
tion begun. 'WHien some slight improvement was noted, .«al}Tgan was given in- 
travenously on tliree occasions with definite benefit, and, though the patient con- 
tinued very ill and uncomfortable, he appeared to be practically edema free, anti 
both ankles were almost of normal and equal size. 

He seemed to be in optimum condition on Now 22, 1935, and surgical correction 
of the fistula was carried20 out. He reacted well, and during the night following 
the operation there was noticeable diuresis (1400 c.c.). Each day there was rapid 
clinical improvement. The fibrillation continued and was allowed to do so until 
Jan. 7, 193G, forty-six days after the operation. It had been allowed to continue 
in order to determine whether or not it would cea.se .spontaneously. Digitalis had 
been discontinued four days after operation since there was .such excellent im- 
provement and the pulse was so slow. On Jan. 7, 193G, quinidine, gr. iii, was given 
at bedtime and the next morning gr. vi every two hours. Normal rhythm, restored 
after the fourth dose, continued until discharge from the hospital. All subjective 
symptoms of congestive failure had disappeared in little more than two weeks fol- 
lowing the operation, and the patient rapidly gained strength and weight, though 
he did have rather frequent respiratory infection. The nonprotein nitrogen was 
only 33.3 and the creatinin, 1.8, Nov. 2, 1935, and 40.5 and l.G, respectively, on 
Dec. 19, 1935. On Feb. 7, 1930, the blood pre.ssure was 140/80; ^£!lrch 9, 109/98; 
and at time of discharge, ilarch 25, 1930, the blood pres.sure was 150/90 and pulse, 
SO. His heart decreased to normal .size; the electrocardiograms returned almo.«t to 
normal; the signs of deconi])cnsatioii were absent. 

At time of discharge there were occa.sional musical rales over both lung.s and 
evidence of mild asthmatic bronchiti.s. The atfccted leg developed veiy slight edema 
after standing, but this edema .subsided during the night. Aside from the-ee mild 
disabilities he was a normal healthy jjerson. 

COMMENT 

Tlioligh electrocardiograms slioAving pronounced abnormalitie.s are 
rare, a compari.son of the few af'ailable .shoivs some more or le.ss 
uniform and striking Q and T changes which suggest that the myo- 
cardial derangement is similar to that found in coronary disease or 
occlusion (not, however, meeting all specifications of Wilson and his 
coworkers-‘ for recent occlusion). In the ease reported by Fotheritig- 
ham and Alvarez,"- there was a deep Qa and inverted Tz of the cove- 
plane tj-pe which disapiieared twenty-one days after the operation. 
In ReidV experimental Avork Dog No. 9 lived thirty months after the 
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fistula was opened and was finally found dead. An eleclrocardiograiu 
made eighteen niontlis after opening the fistula .showed no abnormal- 
ity, but twelve months later, and less than a month before the dog 
died, an electrocardiogram showed a deep and a deeper in- 
version of the cove-plane t 3 ^pe, and definitely depressed K-T .segmciHs 
in Leads II and HI. This tracing todaj' would suggest coronaiy 
occlusion of the tj'pe. Details of the autopsj' were not given 

, except for the fact that there was hj'pertrophjE 

In the case presented here the most noteworth}" features are the 
diminished voltage, T-wave inversion, small Q., with slight widening 
and notching of QRS, auricular fibrillation (see illustrations). 

Two outstanding ideas have arisen since 1020, explaining the mech- 
anism responsible for the onset of cardiac dilatation and lij'pertroiihj* 
in these cases. Extensive clinical and experimental oliscrvalions have 
heen made hj' the chief exponents of eaeli. Holman-'^ contends that the 
cardiac dilatation and hypcrtrop]i.y are the result of increased worlc, 
consequent upon increased venous pressure and increased volume flow 
through the heart. Lewis and Driiry^ do not agree that there is 
increased venous pressure except that I’csiilting from congestive fail- 
ure. Thoj- maintain that the cardiac disorder is the result of dimin- 
ished coronai\y flow witii deficient uu'ocardial nutrition. It is sug- 
gested that the ideas of Lewis and Drury are given support by cleetro- 
cardiograms of long-standing, far-advanced eases. Mains' lias Imd one 
patient die of angina pectoris and coronary occlusion shortly after 
the operation on the fistula. He points out that this should be a 
likely situation for tlic development of coronary oeelnsion if the ideas 
of Lewis and Drinw arc correct. 

A brief discussion of certain clinical features of the present ease 
follows; A similar absence of the lilood pressure in the affected limb 
was noted in tlie case of Dean and Deair* and a decreased pressure 
lias been noted by othei‘.s.^’ An enormous urinary output imme- 
diately after the operation was observed by Keid.^'- The diastolic 
pressure in the present case was nmisnally high throughout, thongii 
cases liave occnri’od in which there was associated hypertcn.sive dis- 
ease of severe degree.^' Tiie ab.soncc of miy marlced blood pre.ssure 
(diastolic) response during Branham’s phenomenon can he explained 
only by the observation of l^fatas' that dceomponsalion may lie so 
severe that there is no res])onse, though it is possible that, with an 
originally high diastolic pressure, no marked response may be ex- 
pected. Taeln'cardin, which is often present, and which has been ex- 
plained as resulting from engorgement of the sp!anchnic'.'-\‘" is in many 
eases ab.sont. Anrienlar fibrillation is .said In- soimr^ to oecur fre- 
quently, and Itfatas .say.s that arrhyihiuhi is often present. However, 
descriptions of auricular fibriilati»>n in these ca.ses are difficult to find. 
In Thomason is’- ease, auricular fibrillation devdojicd suddenly twenty- 
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three days after the fistula had been cured, and Slatas had three 
patients ivho developed paroxysmal tachycardia (a similar condition^®) 
shortly after their operations, showing the soundness of Holman’s®' 
advice that a prolonged convalescence is indicated. 


sraniARy 

Cardiac decompensation has been reported in a rather small per- 
centage of all eases of arteriovenous aneurysm. Even when there is 
severe decompensation, the electrocardiogram often shows few 
changes. Published electrocardiograms shownig marked abnormali- 
ties are very rare. 

A case is presented showing pronounced abnormalities in the elec- 
trocardiogram. Tracings were made prior to surgical cure of the 
aneurysm and after the operation, over a period of 123 days. They 
showed a remarkably slow return to normal, though clinical improve- 
ment was rapid. Auricular fibrillation in this ease did not cease spon- 
taneously after operation but ceased with quinidine therapy, and 
showed no inclination to return. 

Other eases on record having decidedly abnormal electrocardio- 
grams are compared with the present case. Certain clinical features 
of this case are compared with other cases from the literature. 
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A PROVED CASE OP DEXTROPOSITION OP THE HEART, 
SHOWING LEPT AXIS DEVIATION IN THE 
ELECTROCARDIOGRAM® 

M. Robinow, M.D, 

Chicago, III. 

I N DEXTROPOSITION of the heart, as in mirror-picture dextro- 
cardia, the expectation is that the electrocardiogram would show a 
right axis deviation when the apex; points to the right. In the case 
here presented, on the contrary, a left axis deviation was found. A 
survey of the literature revealed several other reports wifli a .similar 
axis deviation: 

1. A case reported by Owen cited by Lichtman^ of complete situs 
inversus with mitral stenosis and left ventricular preponderance. 

2. A ease reported by Goiter^ of congenital dextrocardia compli- 
cated by congenital malformations showing left axis de'sdation (in this 
case due to deep Q 2 and Q 3 ). 

3. A ease reported by Meyer* of congenital dextrocardia compli- 
cated by congenital malformations, showing marked right ventricular 
hypertrophy and left axis delation (proved by autopsy). 

4. A ease reported by Abrahamson'' of mirror-picture dextrocardia 
with left ventricular preponderance. 

The unusual combination of dextroposition and left axis dcAuation 
in our case shows the difficulties of explaining the electrocardiographic 
findings on the usual concept of the Einthoven equilateral triangle. 

CASE REI’OKT 

The patient was first seen in tlie Mandel Clinic in February, 1031. He com- 
plained of dy.spnea on exertion, weakness and producti%’e cough. During childhood 
he had frequent attacks of “croup.” At the age of seventeen years he contracted 
pneumonia and pleurisy. His complaints date back to that illness. 

The physical examination at that time revealed an undernourished, narrow-chested 
white male, twentj'-seven years old. Cardiac dullness was noted on the right side, 
and a forceful apex beat was visible just underneath the right nipple. A short, rough 
systolic murmur was heard over the base. There was impaired resonance with 
diminution of breath sounds and moist rales over both lung bases. A pleural fric- 
tion rub was heard on the left side. 

The x-ray examination .showed the heart, lung.s, trachea, and mediastinum pulled 
over to the right side. There was marked haziness of the lungs, and bronchiectases 

•From the Heart Station. Mlch.ael Rec.«e Ho.spltal, Chic.ag'o. 
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pleura and the pericardium. The heart weighed 280 gm. Tlie mitral valve showed 
evidence of an old healed mitral vah-ulitis. The coronary arteries were normal. 
There was a marked right ventricular lij-pertrophy. The lungs slio\ved hilatcral 
early bronchopneumonia and marked chronic bronchiectasis in addition to emphysema. 

Electrocardiogram . — The curves taken May, 1935 (Fig. 1), and the one taken sbe 
months later rvere almost identical. The outstanding abnormalities were the nega- 
tive F-wave in Lead I, the marked left axis deriation rvith QRS inverted in Leads 
n and HI and small in Lead I, the marked .riurring and notching of QRS in the 
standard and i)recordial leads, and the S-T elevation in Leads II and III. The 
inversion of QRS in Lead IVj, (the standard JjCai H' ^v•ith precordial electrode in the 
fourtli interspace to the left of the steninm) and the occasional diphasic T in this 
lead, as well as the notched T in Lead Wj. (where the precordial electrode is in tlie 
fourth interspace to the right of the sternum) were all abnormal. 

DISCUSSION 

"WMle most eases of mirror-picture dextrocardia, congenital dex- 
trocardia without reversal of the heart chambers and dextroposition 
show right axis deviation, a few, of which this is an example, show 
the reverse. Li this case, as in the one reported 1)y IMeyer® and pre- 
sumably also in that of Gorier;^ there is in addition a marked right 
venti-icular preponderance. Several explanations .suggest themselves. 

It may be assumed that the combination of riglit ventricular hyper- 
trophy and shift of the anatomical axis to tlie right has led to a rota- 
tion of the electrical axis of more than 180°. This seems rather 
improbable. 

It is more likely that a counter-clockwise rotation of the heart 
around its longitudinal axis might be responsible. Such rotation has 
been shoivn to cause left axis deviation in animal expei’iments (Acker- 
man and Katz" and Meek and Wilson®) and in man (Kathanson' and 
Katz and Robinow®). 

Recently, in this laboratory (Katz®) we have come to believe that 
such unexpected findings ma 3 " be accounted for by changes in the 
relation between the heart and the structures surrounding it. These 
structures, namely, the diaphragm, the lungs, the great vessels, the 
anterior chest wall, and the muscles in front of the spinal column, are 
not equalK good electi'ical conductors (Katz and Korey’®), The con- 
tact of the different regions of the heart with the good conductors is 
largelj"- respon.sible for the appearance of the electrocardiogram (Katz, 
Gutman, and Ocko,“ Katz, Sigman, Gutman, and Ocko’® and Rohinoiv, 
Katz, and Bohning’®). In our ca.se there is not only a shift of the 
heart as a whole to the right but also a .shift of some of the .structures 
.suiTOunding it (viz., the lungs and large ve.ssels) and a modification 
of the contact between the heart and the good electrical conductors 
(the iiosterior muscle mass, the diaphragm, and the anterior che.st 
wall). These factors maj' have altered the electrical field of the bodj' 
suffieienth’ to give ri.se to the left axis deviation. 



ROBINOW : DEXTROPOSITION OE HEART WITH LEFT AXIS DEVIATION TOT 


This case, therefore, is another link in the chain of evidence obtained 
in tliis laboratory, supporting the idea of the importance of the nature 
and the location of the electrical eondnctors adjacent to tlie heart 
and disproving the general applicability of the Einthoven triangle 
concept. 

This case illustrates again that left axis deviation, even of marlied 
degree, is not necessarily associated with a shift of the anatomical 
axis to the left or with left ventricular preponderance. Tt may be 
found 'ivith the exact opposite as in the cases here reviewetl or in cases 
with brown atrophy (Katz. Saphir. and Strauss’*). 

SDMJIARY 

A ease of dextroposition of the heart with right ventricular hyper- 
trophy proved post mortem is presented because there was in the 
electrocardiogram marked left axis deviation. The significance of this 
finding is discussed. 

I wish to thank Br. L. X. Katz for his puidaneo in jiioparing this <-ase report. 
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CARDIAC RUPTURE ASSOCIATED WITH METASTASES TO 
THE HEART PROl^I CARCINOMA OP THE DUODENUiiPt 

W. L. McNamara, M.D., E. P. Ducet, M.D., and 
Lyle A. Baker, M.D. 

Los Angeles, Calif. 

T he chief interest in the case reported in this paper lies in the fact 
that rupture of the heart was occasioned by metastatic carcinoma. 
Of minor interest are the facts that the primary tumor occurred in 
the duodenum, a site in which the occurrence of carcinoma is com- 
paratively rare, and that there existed, coincidentally, the end stages 
of I’heumatie heart disease, the patient being in a state of extreme de- 
compensation when death occurred. 

Because the patient had been under observation and treatment for 
rheumatic heart disease for a number of years, the gastrointestinal 
symptoms were readily attributed to the state of cai'diac decompensa- 
tion, and the tumor of the duodenum was not recognized clinically. 
The death was clearly cardiac, and, when the ease came to post- 
mortem examination, there was nothing to indicate that anything be- 
yond the typical pathological changes of rheumatic heart disease 
would be revealed. 

CASE REPORT 

W. B. M., a white man, aged forty-eight years, entered the hospital on Oct, 25, 
1930, complaining of dy.spnoa, palpitation and headache. 

Family History . — Mother died of cancer of the stomach; father died of hidney 
disease; three sisters and one brother living and well; one sister had heart trouble. 
Marital history was negative. 

Fast History . — The patient had the usual diseases of childhood. There was no . 
history of scarlet fever or rheumatic fever; however he had had rheumatic pains 
in various joints for many years; he had gonorrhea in 1898 and influenza in 1918, 
Present Illness . — The patient stated that he had hnown he had heart trouble 
since 1923, when a physician told him he could never do manual labor again. Since 
that time he had become exhausted on slight exertion and experienced palpitation in 
the epigastrium on exertion or after eating a heavy meal. 

For the past three years he had been incapacitated for work. 

Physical Examination . — Physical examination showed a well-developed, poorly 
nourished man. He was pale and the lips were cyanotic. The chest showed marked 
muscular atrophy and bilateral restricted motility. The resonance was impaired in 
both upper lobes posteriorly and breath sounds were subdued. 

The examination of the heart showed the apex in the sixth inter.space, 3 cm, 
to the left of the midclavicular line. The heart was greatly enlarged to the left and 
downward, A loud diastolic rumble was transmitted to the axilla, ending in a loud 
first sound immediately followed by a soft second sound. 

At the base was a soft, systolic murmur heard tir.st in the right interspace. The 
rhythm was irregular, and the volume of the sounds varied greatly. The blood 
pressure before e.xercise was 110/58; after moderate exercise it w.as 110/00, and 
the lips showed increased cyanosis. /, 

•From the Pathological I>aboratory and Cancer Service; published under K. & 
P, 6969, U. S. Veterans Administration. 

tRcad before the Lo.s Angcle.c County Pathological Society, January 14, 1936. 
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Abdominal examination revealed notbing of intere:--!-, nor did exainination of tlm 
genitals, rectum, or extremities. 

Tlie clinical diagnosis of mitral insufficiency and stenosis, 'ivitii jiossiblc tricuspid 
disease and clironic myocarditis was established, llcpcated Wassermann tests ■svero 
negative. Tiie report on the rocntgenograxihic examination was cardiac hypertroidiy 
and old pleuritls. The electrocardiographic e.xaminatiou on Oct. ;;o, ID.'tO, revealed 
auricular fibrillation with evidence of myocardial damage. The patient was given 
digitalis, and a second olectroeardiogram on Xov. 1.3, 19,30, showed evidence of 
digitalization. 



Fj'Sr. 1. — Heart lateral wall of auricle dis‘>octed away. N’otc tumor tr.flHrallon of 
wall, the calcified "fish mouth” type of mitral valve, and the shaearj* hcmorrlneic 
exudate covering the eplcardluni. 

The patient was in the luKspital for the next three and onedtalf years. At time.'; 
ho was better and at times worse. He suffered a. dull, precordtal pain, which at 
times became sharp, and ho required hyimdermics on several occasions. 

Against advice, lie insisted on leaving the hospital in April, 1934. He vas re- 
admitted a few weehs later staling that whihs he wa.« away the pain bsH'e.me worse, 
he suffered marhed vertigo and blurring of vision ami could not ta'-.e care of him- 
self. He developed a chronic cough with sputnm, and a mnrhea degree of hhiating 
and heartburn. A burning, epigastric pain developed one to two hours r.ficr menb. 
and he vomited blood on several occa.*ions. Sippy i.-owders gave him no relief. Tim 
patient, gradually displayed signs of congestive iieart failure with ederaa of ttiO 
e.\'tfemitic.s. 
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Tile treatment was supportive and sj-mptoraatic. Digitalis and sedatives were 
given as indicated. Decompensation was marked by May, 1934. Cardiac distress 
became increasingly severe. The patient had been in a relative .state of comfort 
until Oct. 31, 1935, when he suffered “an attack of iiain in the heart, difficult 
breathing and a feeling of inteinal spasm” (the words of the nurse on the chart). 
Prom this time until his death he complained of greal agony and received a con- 
stant succession of hypodermics of morphine. 

He rapidly became moribund and died Nov. 17, 1935. The cause of death was 
ascribed to cardiac failure in rheumatic heart dhease. 

Fost-Mortem Examinaiion . — The body was that of a well-developed, slightly 
emaciated, white male. 



FJp. 2. — Section of duodenum showing the diffuse infiltrating character of the tumor. 

(X150.) 


Heart . — The pericardial sac was enormously distended, extending from the left 
finterior amllary line to the right beyond the right sternal border, and was filled with 
dark red blood clot, and some free unclottcd blood, measuring in all about 500 c.c. 
The heart was greatly enlarged. The surface was covered with reddish, fibrinhke 
materi.al which was quite firmly adherent to the epicardium. It had the gross ap- 
pearance of hcinoijericardiurn. The heart weighed 700 gra. The left auricle w.as 
enormous, measuring 10 cm. in diameter. It was firmly adherent to the jmrietal 
pericardium, and, wlien an attempt -was made to remove the heart, the auricular 
wall tore and a large portion remained attached to the parietal pericardium. The 
wall of the auricle was thideened to 8 mm. The endocardial surface was covered 
with a verruca-like growth which covered jiractlcally the entire endocardial .surface, 
including the surface of the mitral valve. It also apparently involved the entire 
wall of the auricle and showed evidence of ulceration. The point of rupture was 
found on the posterior wall in tlie portion that w.as adherent to the pcricardiu-m. , 
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TJiero -vvas marked liypertropli}* of {he left %'enfri(de and ;i umdernte do"Tce of 
hypertropliy of the riglit ventricdc. The mitral valve fhow'd a d-^li-mnath {ype of 
deformity. The leaflets -were fused, leaving a narrow .slit, 4.3 cm. in length. The 
fused leaflets were thickened and showed evidence of calcification. The surface 
of the val\e was covered with the same verniea-likc material found involving the wall 
of the auricle and covering the endoc.ardial surface. Tim aortic valve showed evi- 
dence of .some old inflammatory lesion, probably rheumatic. The leaflets were 
partially fused with a beadlike effect on the edge? of contact, causing stenosis 
.,nd insufficienc^v . The pulmonary and tricuspid valves showed no gros-s lesion aside 
from dilatation. There was quite marked coronary atlierosclerosi.s ;u)d moderate 
atherosclerosis of the aorta. 


Fig. 3. — ^^Section taken from tlie heart waU sliowtrifr a ntorplHdosfcal .^tnictore identical 
to that soon in the duodenal tumor. (Xl.'O.) 



LnnffS. — d’ho combined woiglit of the lungs was 1.2S0 gm. Both showed the 
same piicture, a number of ragged adhesions and on section a number of samll 
patches of bronchopneumonia at each ba.se. Mediastinal nmb's were not eruarged. 

Ahdomen . — The peritoneum wn.s smooth; tlicre was no free iluid and no cviMeare 
of glandular cnliirgemonf. The liver weighed 1,700 gn>. It was nathfr mottled, 


soft, and friable and. on section the nutnseg markings of dironie pa‘S'hc conges- 
tion wore noted. The spleen weighed 140 gm., vvas red and quite jlrm; on eew 
tion it sliowed quite marked pa.ssivc congestion. There was a red infrt:r? at the 
upper, jjolc, measuring 1 cm. in ditunoier. The gaillvkidder, adri rui!?. T aneri - iS. 
bl.adder, prostate, and testes .showed no gross i>;u!iolo.::ical lesion. 

Genitonrimmi 'Tract . — The combined weight of the kidssevs 230 gm.. batls 
showing the same picture, Tiic .capsule stripped readily, lerivir;" .a surface with 
a number of deep infarction pits. These pits were old and hcalc-d. On 
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the cortex was rather thin and somewliat irrcgnlar. There Avas a mild vascular 
thickening. 

Gastrointestinal Tract. — The stomach was slightly dilated, otherwise it showed 
nothing unusual. On tlie posterior wall on the duodenal side of the pyloric ring, 
there was noted a small ulcer 5 mm. in diameter. Tlie Avails and base Avere in- 
durated, and the edges Avere crateriform. The lesion shoAA-ed acth'e ulceration 
with some bleeding. The remainder of the gastrointestinal tract shoAA’cd no gross 
pathological change. The regional lymph nodes Avere not enlarged. 

Microscopic Examination. — Sections of the duodenal As'all at the region of the 
tumor shoAA’cd a diffuscj infiltrath’c tj-pc of neAvgroAvth. The cells AA'cro round, 
oval, or polyhedral and shoAved marked variation in size. The nuclei Avere relatively 
large and somewhat hyperchromatic. For the most part the cells Avero growing in 
columns and cords and infiltrated diffusely. There Avas some attempt at ah’colar 
formation, but for the most part it Avas quite anaplastic. There Avas practically no 
desmoplasia. It was noted that the mucosa at the site of the lesion is gastric, 
rather than duodenal in type. The transition of the characteristics of the gastric 
to the duodenal mucosa is gradual and, in this instance, AA'hile the lesion was 
geograpMeally duodenal, it was histologically gastric. 

Heart. — The mj'ocardium of the left auricle was infiltrated by epithelial cells 
having the same appearance as those noted in the tumor of the duodenum. Cer- 
tain microscopic fields in the auricular muscle and in the duodenal tumor AA'cre 
identical in appearance. The endocardium of the left auricle AA-as coA’ered with a 
layer of closely packed epithelial cells of the same appearance. A section through 
the mitral atIvo rcA-ealed old fibrosis, calcification and some degeneration. The 
endocardium of the auricular surface of the vah’c shoAved a .superimposed layer of 
anaplastic epithelial cells, identical to those seen in the auricular muscle and in 
the duodenal tumor. The microscopic study of sections of the various other organs 
did not reveal evidences of tumor. 


COMMENTS 

Metastatic carcinoma in the Jieart is not rare, bnt it is most frequently 
a part of a generalized dissemination, rather than the only demon- 
strable site as in this ease. Burke^ reports a series of fourteen cases 
found at autopsy among 327 cases of known maligJiancy. In none of 
these cases Avas the metastasis confined to the heart. Our experience 
is in accord Avith that of Burke, Heninger,- and others, aa'Iio note that 
it is practically impossible to diagnose tlie condition during life. 
Burke states that the cases in his series had been studied for a period 
of time prior to death, that x-ray plates of the chest had been made at 
interA’als, and that there AAms nothing to suggest the presence of 
metastasis. O.sler'^ notes that secondary tumors of the heart are usu- 
ally AATthout S3'mptoms, CA’cn AA’hen the disease is extensh'e. 

Rupture of the heart is a rare occurrence in consideration of the 
great frcquencA- of pathological conditions of the heart. It is, Iioaa-- 
cver, not so rare as a searcitj' of the report of eases in the literature 
Avould indicate. Krumbhaar and CroAvelB (1925) collected 654: cases. 
Davenport'’^' (1928) AA-as able to collect 710, 35 of AA'hich had been re- 
ported since 1925 and 50 of AA'hich had been omitted by Krumbhaar 
and CroAA'ell. Spontaneous rupture of the heart i.s, in the overAA-helm- 
iiig majoritA- of cases, the result of corojiaiy disease, and is precipi- 
tated b.A- thrombosis or embolism. Benson, Ilunter, and ManloA'c,® in 
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a recent paper stress that, while the outsiandiny; cause o£ cardiac rup- 
ture is coronary sclerosis, rupture of the heart may occur if the myo- 
eardium is weakened by disease other than that of tlie nutrient 
arteries. These authors note that rupture caused by gummas of the 
heart have been described ehieflj’' in the older literature. Also, there 
are authentic reports of rupture caused by lesions of tuherculo.sis.' 
Among the rare causes of cardiac rupture may lie listed eelnnocoecus 
disease.® 

The case of cardiac rupture caused b.v metastatic carcinoma re- 
ported in this paper is wdtliout parallel in the literature, as far a.s we 
can ascertain. 

Benson, Hunter, and Manlove note malignancy as a jios.sible cause 
of cardiac rupture hut add that Mayer was unable to find such an 
instance in the reports to 1888, and Jores in 1921. failed to find any in 
the more recent literature. In the scries studied b.y Krumbhaar and 
Crowell, a melanotic sarcoma is ascribed as the cause of cardiac rup- 
ture. The reference is not given, and there are no details of the case. 
In 72 per cent of the series of Krumbhaar and Crowell, death was 
described as sudden. They note that in certain rare cases, death was 
reported as occurring days or weeks after the rupture and in one case 
a month later. Osier described a ease of rupture in which the man 
walked up a steep hill after the onset of .symptoms and lived for 
thirteen hours. In the case reported in this paper, it would appear 
that the rupture occurred on Oct. 31, 193.5, at which time the patient 
was stricken wdth severe agony which never ceased until deatli oc- 
curred seventeen days later. 


SUMMARY 

Metastases to the heart from a primary carcinoma in the duodenum 
Aveakened the myocardium and precipitated cardiac rupture in a pa- 
tient with rhenmatie heart disease. The case is without parallel in 
the literature, as far as we can ascertain. 
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ORTHOSTATIC HYPOTENSION TREATED WITH 
BENZEDRINE* 

Report of Case 

Horace Marshall Korns, M.D., and William Lloyd Randall, JI.D. 

Iowa City, Iowa 

O NLY about twenty -two satisfactoiy eases of orthostatic hypotension 
are on record. The first inldings of this curious syndrome are to 
be found in C. Laubiy’s brief mention^ of a case which Avas referred 
to iiim in 1891 by Babinslci. The patient, a man forty-eight years of 
age, suffered from A^ertigo and astasia abasia, but no evidence of disease 
of the central nervous sjAstem could be found. Quite by accident, 
Babinslri discovered that the patient’s arterial pressure was unusually 
loAv, whereupon lie sent him to Laubrj', whose careful observations 
demonstrated beyond question the orthostatic nature of the hypotension. 
In 1932, after Bradbui'y and Eggleston’s definitive study^ had estab- 
lished the essential ehai’acteristics of the syndrome, Laubry^ reported 
his case in greater detail. 

The pathogenesis of orthostatic hypotension, as Grace Roth* points out 
in her excellent discussion, is still largely a matter of speculation, and 
no uniformly successful treatment has been discovered. Although 
ephedrine has lielped somewhat in a few cases, including our oaati, it 
has failed more often than it has succeeded. Our use of a new drug, 
together with the fact that the number of recorded cases is so small, 
prompted us to report the following additional case. 

REPORT OF CASE 

History . — Tlic .symptoms developed in cluiracteristic fii.sliion. In 39.30, at the age 
of fifty-eight year.“, tlie patient, who.se licalth 3iad always been excellent, noticed for 
the first time that he wa.s losing his strength and endurance. His appetite began to 
fail, and lii.s weight declined slowly, but he did not become comiiletely disabled 
until, in 19.3.3, he began to e.vporiencc attacks of faintne.SH, sometimes attended with 
actual vertigo. He soon discovered that the.se attacks never occurred except when he 
was on his feet and could bo terminated promptly by .sitting or lying down. They 
kept recurring witli increa.sing frequency, and eventually became so .severe that 
syncope supervened. He always regained con.sjiousness almo.st as .soon ua lie fell, 
and, except for tninsitory weaknes.s, or unless injured by the fall, ns he was on 
several 0000 ,^ 1011 .“, felt none the wor.=e for the experience. Fatigue was obviously 
not a factor in these attacks, for they were more likely to w.cnr upon first arising 
in the morning than at any other time of the day, but there was no doubt about 
tlie influence of hot wcatiier, which iiitemsified all the symptoms to such an e.xtcnt 
th.at it was almost impossible for the patient to get on bis feet. Yet he never had 

•From the Department of Internal Medicine, State Unlver.Hltj- of Iowa. 
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lic.'it stroke or heat exliaustion. It was perhaps more than a coincidence (itaf, when 
he became intolerant of lieat, he lost the ability to pi'rs])ire freely. Kxcorit for 
areas in the axillae and lumbar region, liis ■anhidrosis eventualiy becauK' 
complete. Nocturnal diure.«i.s, loss of libido, and impotence were additional features 
of the historj’. 


The .sjTicope was manifestly not ejtiloptic, for it was not attended with convulsions, 
biting of the tongue, or foaming at the mouth, never occurred while the patient 
was asleep, and was not preceded by a true aura or followed by somnolence, inenSa.i 
confusion, and headache. Moreover, there w.is nothing in the hisiorv' to indicate 
primary labyrinthine or other intracranial disease, and the fact tliat no prononiieed 
abnormality of the heartbeat preceded or jiccoinpanied the sjaicope excluded the 
possibility of cardiac origin. The progressive asthenia, syjieope, uiiorexia, and 
gradual loss of weight (20 pounds in the cour.«e of several years), tngetlier with a 
rather vague .story of occasional nausea, voiniling, and colic, suggested Addi.^on's 
disease, but there had laten no abnormal depo.«ition of pigment iii the .''kin or un- 
natural craving for salt. 

Fliyxical Examination . — The patient was a white male, sixty-three years of age. 
About twenty-four hours before his admi.«sion to the. University Hospital ho was 
seized with an afebrile diaiThea so severe that when he arrived he was considerably 
dehydrated, barely conscious, and almost in shock. He liad already developed several 
large hemorrhoids and .shortly after admi.ssion jnissed a liquid stool inixo<l with 
dark red blood. (Sub.sequcnt investigation led to the e.ouclusiou that, the Isemorrhoids 
must have been re.sponsiblo for this gross bleeding, as well as for the traces of 
blood which were jtre.sent in tiio feces for montli.s thereiifter. Thi.x continual lo,'^.*’ of 
blood was probably a factor in his secondary anemia.) Witli tlie pas.'-age of thi.'' 
bloody stool (ho diarrheti ctune to an abrupt end: the j)atient had never e.xperlcnced 
anything of the kind x'rcvionsly, and lie has not sutTored a recurrence. On admission 
the arterial pres.sure measured only (W1/-10 mm. Hg. hut under the circumstance.-- such 
a low level attracted little tittcntion, more especially because, witli the patient con- 
fined to bed, it rose to normal within a few days. 

After the piiiicnt recovered from his acute enterocolitis he was wide-aw:ike tirid 
cooperative. The skin was extraordinarily youthful and !tlmo.«l milk white. The 
sclerae were not icteric. The pupils reacted satisfactorily to liglit and in accommoda- 
tion, and the fundi were negative to ophthalmo.'M-opic <-xaminiition. I he head was 
,co%-ered with a plentiful growth of gray hair. The e:ir.-^, nos<', face, lip.s-, tongue, buccal 
mucosa, palate, and piiar-nvx were not remarkable. The teeth were carious. There 
was no enlargement of the tiiyroid gland or cervical lyiajih nodes. .A liputae. of 
moderate size was jrresent on the nape of the iio>‘k. 


E.xamination of tlie, lung.-^ revealed no modifu-atiou of their extensibiUty, viilunie. 
or density, and no r.alc.s. The heart, was not enlarged, and there were no cmloca.rdiril 
murmurs, but the heart sounds were rather faint. The rate and meclimii.-^tn of tic- 
heartbeat were, normal. Tiic aort.a was not abnormally accessible. The vouinc- and 
contour of the arterial pul.'=e wem normal. A Tiio<lenilc amount of peritilicnd 
arterioselorosis was present. Examination of the abdomen showed no cniargemerit 
of the liver or spleen, no free tluid, :ind no adventitious rnas.-'cs. Hectn.1 examjnrsSiors 
disclo.scd several large internal lieniorrhoids. The genitals jiud extremities ven:- 
eutirclv negative, and there were no signs of discass? of the cent txil or pcrijd<,>ra’ 
nervous sv.stcm. 
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acid 7.2 mg. per cent, creatinine 4.5 mg. per cent), but it was difficult to under- 
stand how dehydration as severe as tliis could leave the blood eldoridcs undisturbed 
(625 mg. per cent) and not cause an apparent increase in the hemoglobin and 
cellular content of the blood. The liemoglobin content was 72 per cent; the erj'thro- 
cjiie count, 3,790,000; and the leucocyte count, 9,400; and these figures did not 
change appreciably after the dehydration had been relieved. Furthermore, the ap- 
parent retention of nitrogen vanished completelj' within seventy-two hour.s (urea 
17.5 mg. per cent, uric acid 4 per cent, creatinine 1.2 mg. per cent), but more than 
a week elapsed before the albumin and casts disappeared. It is therefore doubtful 
whether the initial acidosis and nitrogen retention were as pronounced as they were 
made to appear. Eleven subsequent estimations, made at intervals over a period of 
three months, never showed any retention of nitrogen. 

The blood Wassermann reaction was negative. The gastric juice contained no free 
liydrochloric acid, even after tlie ingestion of alcohol and the subcutaneous injection 
of 1/44 grain of histamine. Roentgenologic examination disclosed no cvddenco of 
disease of the stomach, duodenum, colon, adrenal glands, lungs, heart, or aorta. Tiic 
oxj'gen consumption was 10 per cent below normal. Tlie electrocardiograms revealed 
nothing of importance; those made in the erect posture showed inversion of the 
T-wave in Lead HI. 

Subsequent Course. — The definite tendency toward hypotension, which became 
clearer as time went on, made it imperative to exclude, once for all, the possibility 
of Addison’s disease. The fact that a large intake of salt and the administration 
of 5 c.c. of eschatin per diem for twenty-two days brought about no amelioration 
was perhaps not conclusive, but crucial evidence was obtained when a salt-free diet 
rich in potassium was tolerated by the patient for eleven days without the slightc.st 
aggravation of his sjanpioins. The plasma chlorides remained at a normal level 
throughout the jieriod of chloride deprivation. 

After it dawned on us that posture might have something to do with the patient’.s 
sv'mptom.s, it was discovered that a startling fall of arterial pressure occurred when 
ho assumed the upright position. The following are illustrative of a long series of 
measurements made over a period of many ivecks: 

Supine Sitting Standing 

112/85 mm. 85/00 mm. 55/40 mm. 

The lowest pressure.': occurred in the mornings. Syncope threatened whenever the 
maximum .sy.stolic level fell to 55 mm. Hg, or below. Although the heart rate wa.s not 
totally unrc.sponsive to changes in posture and blood pressure, as it has been in so 
many of the cases previously reported, the extent of the re.sponsc depended largely 
on %vhat the rate was in the supine po.sition. If it was 80 with the patient lying on 
hi.s back, it might increa.se to 88 when he sat up, and to 100 when he stood on his 
feet, but, if it was 100 when he was recumbent, it did not accelerate appreciably as he 
stood up. Neither pre.'-'sure on the carotid .sinus nor the intravenou.s injection of 
ViCii) grain of atro[)in had any effect on the Iieart rate or blood pre.s.sure. The ad- 
ministration of grain of pilocarpine by mouth e.xerted almost no diaphoretic effect. 

In the midst of hi.s ho.spifal stay the patient developed severe pliarv-ngitis and 
ton.sUlitis, accompanied by fever and pro.«tration, and followed bj' widc.«prond 
crj-thema muUiforrae, from which he recovered completely in two weeks’ time. 

Summary . — The principal features of the history were the progressive a.sthenia, 
anorexia, los.s of weight, .cj-ncopc conditioned on the erect po.sture, anhidro.'iis, in- 
tolerance of heat, no);funial diure.^is, In.-'-s of libido, and impotence, without evidence 
of craving for salt, pigmentation of the skin, ejdlep.sy, intnacraninl disease, or 
disorder of the heartlseat. Examination by clinical and laboratory methods rcve.'ilcd 



KORNS AND RANDALL: 


ORTHOSTATIC HYPOTENSION 


117 


a i)ale, not abnormally pigmented skin, carious teetli, a lipoma cm the nape of 
tho neck, no evidence of Jicart disease, a not entirely normal response of the heart 
rate to changes in jiosture and blood pressure, orthostatic hypotension evith syncope, 
slight peripheral arterio.sclero.sis, internal hemorrhoid.s, no abiiormalitjes of the 
nervous system, slight- secondary anemia, a negative blood Was.scrmann reaction, no 
nitrogen retention, aclilorliydria, no roentgenologic evidence of disease of the 
alimentary tract or adrenal glands, a basal metabolic rate of -10 per cent, nonnal 
electrocardiograms, and no aggravation of symptom.s with a salt-free diet rich in 
potassium. 

Diagnoses . — Orthostatic hypotension; internal hemorrhoids; .‘secondary anemia; 
intercurrent enterocolitis; intercurrent idiaiyTigiti.®, tonsillitis, nrid erythema multi- 
forme. 

TREATMENT 

The follotving table snmmarize.s the elfect of eplieclriiie and benzed- 
rme on the arterial pressure. Tlie measurements arc representative? of 
a large series ; all of them were made at tlie same time of day. 


Table I 



.SUPrxE 

SITTING 

STANDING 

Untreated 

Ephedrine 

312/85 

85/CO 

55/40 

48 mg. at 0 and 8 A.>t. ; 24 mg. at 10 A.M., 
12 w., and 2 and 4 r.M. 

140/88 

3.30/SO 

SO/GO 

48 mg. at G, 8, and 10 A.Jt., 12 m., and 
2, 4, and G r.w. 

150/00 

140/00 

100/75 

Benzedrine 




20 mg. at 5 and G A.v.; 10 mg. at 8 and 
10 A.M., 32 Jt., and 2 and 4 p.m. 

115/80 

100/80 

80/T)0 

20 mg. at G, S, and 10 A.M., 12 M., and 

2, 4, and 6 p,^r. 

11.5/80 

100/70 

70/55 

40 mg. at G A.^f.; 30 mg. at S a.m.; 20 
mg. at 30 A.M., 12 m,, and 2 p.m.; 10 
mg. at 4 and G p.m. 

140/.O5 

120/80 

75/G5 

Ad libitum 

120/80 

110/75 

75/00 


On the whole, the patient liked benzedrine better than ephedrine 
because it made him less tremnlons, induced les.s in.somnia, and wa.s 
perhaps somewhat more effective in dispelling his weakne.«:s. Hov/- 
ever, if amounts of cither drug sufiiciently large to maintain the blood 
ju’essnre within normal limits wei-e employed for more than a few 
days at a time, it beeame difficult, even with full dose.s of the varion.-i 
barbitnrate.s, to overcome the consequent in.somnia. After \hc pa- 
tient returned to his home he eontinned to take 100 to loO mg. of ben- 
zedrine a day. Except in Avnrm weather, this amount wa.s sufficient 
to keep him comparatively eomfortahle. He felt better tlian he had 
for many years, and even began to ])er.spire (»ver Ins back and .slionh 
ders. No ill eiiects of continuous medication with benzedrine were 
noted. 
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COMMENT 

Oiu* experience in this case suggests that benzedrine is -worthy of 
further tilal in the symptomatic treatment of orthostatic liypotension. 
If it should not actually supersede ephedrine, at least it may prove to 
be a welcome alternative m some cases. 


REFERENCES 

1. Laubry, C. ; Lemons de scmiologie cardio-vasculairc (Art. Vcrtigc, p. 339), Parb, 

1924, G. Doin. 

2. Bradburj-, S., and Eggleston, C.: Postural Hj-potension, Asi. Heaht J. 1; 73, 

1925. 

3. Laubry, C., and Doumer, E.: L'livpotcnsion orthostatiquc, Presse nidd. 40; 17, 

1932. 

4. Editorial on Posture and Blood Pres.sure, Ann. Int. Med. 9: 038, 1935. 



Department of Reviews and Abstracts 


Selected Abstracts 


Bronk, D. W., Ferguson, L. K., Margaria, R., and Solandt, D. Y.: The Activity of 
the Cardiac Sympathetic Centers. Am. J. Physiol. 117: i’.'JT, Iff.'jn. 


The activity of the cardiac synipathctic ccntois has been investigated by record- 
ing the action, potentials in the cardiac nerves from the stellate ganglia of the cat. 

Tliere is a fairly continuous discharge of impnl.se.s which exert a *'‘fonic‘’ 
augmentor and accelerator intliiencc upon the heart. Tliis discharge is, hovrever, 
largely modified by changes in the chemical ooniposition of the blood and l,>y 
aiferent impulses. 

The princii^al pathways of the impulse.s from the cord to the stellate g.nnglion 
are the third and fourth and to a le.sscr extent the second and tiftlt tlioracic rami. 

The impulse frequency from tlio indindual .symji.atlietie motor nerve cells .Siddom 
exceeds ten or tifteen a second, and is usmilly considerably less. This contrasts 
with the much higher frequenej- of discharge from somatic motor nerve cells. 

The potentird pulses in the po.stganglionic nerves arc of considerable imignitude 
because of the grouping of imjtalscs which results from the innervation of many 
postganglionic fibers by a single preganglionic fiber, 

Tliere are also much larger potential waves caused by the synchronous activity 
in very many nerve fibers. It is shown that this is duo to the coordinated and 
rhythmic discharge from large numbers of ncr%’o cells in the confers. This activity 


is bilaterally .synchronous. 

The grouped activity is of four typc.c. The volleys may come at irregular in- 
tervals or at other times iicriodically with frequencies varying from to 20 srt-. 
but unrelated to any other obvious rhythm of the organism. Or, on the other hand, 
the bursts of impulses may be synchronous with the pulse or the respiratory cycle. 

The latter two forms of rhythmic cellular activity are largely duo to afTercnt 
impulses from the viscera: burst.s of impulse.- from the blood vessels initiated by 
the sj’stolic rise in pressure or the impulses from distention receptors in tlic lung.-f. 

An cx.-implc of the marked effect of such afferent impulses upon tlic activity of 
the sympathetic centers is found in the observation tiial. it is possible to drive tho.=c 
centers by repetitive stimulation of the central ends of the carotid sinns or aortic, 
nerves, . thus causing the motor nerve cells to discharge periodically witii tiie fre- 
quency of the afferent impulses. This am be done within a limited range of 
stimulus frcipicncios. 

The characteristically grouped disc.ltarg<>s. from tlm <-ardiac -ympathetic eenSers 
cause periodic variations iu heart rate only it the burst ^ oi efferent im]ju!sc.- ;nc 
separated by some seconds. Tiiis i.s due to the inertia of the .‘ffeefor me-ffmnism. 


Ai-TtTor.. 


Essex, Hiram E., Herrick, ff. F., BaWes, Edward J., and Mann. Frank C.: Blood 
Flow in the Circumfle.x Emncli of the Left Coronary Artery of the Intact Bog. 
Am. J. Phy.siol. 117: 271, IPSO. 


By the use of the thcrmostvoniuhr of Rein, experiments 
biood How in the circumflex branch of the left coronary a 
Observations have been made over periods as long as fourtv- 
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Epinephrine causes a transient but marked increase in coronary blood flow, 
amounting in some experiments to as much as four or five times the control values. 
The coronary blood flow is doubled by administration of nitroglycerin or amyl 
nitrite, but the effect is of short duration. In response to appropriate doses of 
thyroxin, increases in coronary flow as great as 244 per cent above the control value.s 
were observed forty-eight to ninety-six hours after injection. 

During the digestion of a meat meal the coronary flow was increased to a degree 
comparable to what has been ob.served in other vessels of the body. Exercise on 
a treadmill produced an initial rapid augmentation in coronary flow, which declined 
to a lower level as the exercise continued but additional work induced by changing 
the angle of the treadmill again caused a temporary increase in coronary flow, 
which declined to a lower value as the same degree of exorcise continued. 

A significant correlation between heart weight and coronary flow or between pulse 
rate and coronary flow was not found. 

Autiiok. 

Donal, John S., Jr., and Gamble, Clarence J.: The Cardiac Output in Man. Am. J. 

Physiol. 116: 495, 1936. 

The simultaneous values of oxj'gcn tension and of carbon dioxide tension in the 
lungs were computed for hypothetical experiments of tlie tj-pe used in the triple 
extrapolation method of Bedfleld, Bock, and Meakins (1922) for estimating the 
cardiac output in man. 'Wlien each computed value of carbon dioxide tension was 
plotted as a function of the computed oxygen tension, the points were found to lie 
on curves and not on straight lines as is assumed in the triple extrapolation method. 

The plotting of analyses of successive samples taken during continuous rc- 
bruathing gave curves with the same characteristics as those calculated from 
theoretical considerations. 

Fairs of such curves were constructed from c.xperiments on ten subjects. Wlicn 
these were extrapolated by the linear procedure of the triple extrapolation method 
the venous tensions found were different from those indicated by the convergence 
of the curves. Because of the tensions in the rebreathed mixtures chosen for these 
experiments, these differences were greater for carbon dioxide than for oxj-gen. 

Cardiac outputs of these subjects determined at the same time by the ethyl iodide 
method agreed more closely ^Yith a curved than with a linear extrapolation. 

It is concluded from these results that when gases arc rebreathed or held in the 
lungs, variations in carbon dioxide and in oxygen tensions cannot be assumed to be 
directly proportional to each other. In consequence, the triple extrapolation method 
for the estimation of blood flow which Eedfield, Bock, and Menkins have ba.«ed on 
such an assumption cannot be expected to give reliable re.'iults. 

In eleven rebreatliing experiments, return to the lungs of blood abnormally low 
in oxygen content was evident at an average time of 24.5 sec., after the beginning 
of rebreathing. Recirculation of blood high in carbon dioxide was le.=s readily 
detectable and was not evident until a later time. 

Auttiop.. 

Ffuhl, Wilhelm: The Lapse of Cardiac Contraction as Affected by Intrathoracic 

Function. Deutsches Arch. f. klin. Med. 247: 179, 1936. 

The author states that the emptying of the heart by contraction of the muscle 
is n relativel.v .simple phenomenon compared with the refilling of the heart during 
diastole. Ko original cxperinient.s arc brought to bear on the subject. Older work 
is frequently cited, and the paper takes the form of a thorough discussion of the 
possible factors involved. The conclusions are, however, interesting. He believes 
that a considerable portion of the energy for filling the ventricles is derived from , 
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i-lie j)icco(3ing systole in two ways: 3. Tlie shortening; oX the Tcntricle pulls down 
the plane of the valves and draws blood into the auricles. 2. Tlic decrease in sire 
of the lieart extends the lungs slightly, and these in returning (o their ])revio«K 
state during the next diastole draw blood into the aurielc-s. Then the auricle con- 
tracts and tills the ventricle. Only during auricular contruclioii, therofore, does 
blood cease to flow into the heart. ITe concludes ;ilso tliut high negative intra- 
thoracic pro.ssure, through increased filling of the Iieart, is associated with higli 
sy.slemic arterial pressures. 

J. M. 


Dieckhofif, Josef: The Capacity for Work of Hearte With Insufficient Aortic 
Valves With and Without Hypertrophy in Heart-Lung Preparations and the 
Effect of Digitalization. Arch, exper. Path. u. Pharmakol. 182: 205, 1930. The 
Sensitivity to Digitoxin and Strophanthin of Hearts With Insufficient Valves 
With and Without Hsrpertrophy. Ibid. p. 2S5. The Action of Thyroxin Dpon 
the Capacity for Work and Upon the Strophanthin Sensitivity of the Cat’s 
Heart. Ibid. p. 292. 


Consideration of these three papons together is done for brevity. Each investiga- 
tion appears to have been planned and executed with care. The animals used were 
cats. Tlic aortic valves were injured by the melliod of Kosenbaeh (thru.«ting through 
tlie valve from the right carotid artery a large elub-ho.oded sound). The hearts 
without liypertropliy were u.sed within one to fifteen days. Hypertrophied hearts 
were used from. 100 to 150 days after operation. The capacity of the hearts for 
work was tested in heart-lung preparations in three way.s: fir.st, by increasing the 
arterial jiressurc, second, by increasing the venous pressure (increasing the output), 
and third, by noting the duration of life of the preparation. Tlirec to five jircpara- 
tions of each type of heart to be compared were used. 


In the fir.st paper (1) normal hearts and (2) hearts with aortic insnfliciency 
without hypertrophy, and (.3) with hypertrophy were examined. 

The hearts with recently injured valves appeared to be impaired according to all 
three criteria, failing to maintain as high pressures or as largo outjmts or to live 
as long as the normal and hypertrophied hearts. Tlic extraordinary capacity of 
the hj-pertrophied liearts was empltasized by an ingenious experiment. A rubber 
valve was substituted for the injured aortic valve. When thi.s was done, the 
hearts Avilh recently injured Amlvcs compared favorably with the normal lieart.s, 
and the lOTerlrophicd liearts outlasted the normals in every Avay. The third series 
of experiments compared normal hearts Avith tAvo group.s of liearts Avho.-^e aortic 
A'ah’cs Averc recently injured. In one group the cats had been thoroughly digilnlir.cd 
in the four days prior to the making of the preparation. Hie capacity of tlie 
‘•'prophylactically digitalized” hearts for Avork wa.*^ decidedly better than that, of 
the undigitalized hearts Avith aortic insufficiency but was h>.« than (ha: of the normal 
hearts. 

The second paper deals Avith the Ictlial dose of digitoxin and strophanthin ad- 
ministered to the same type.s of hearts u.'ied in the preceding paper. In one 
of experinieiits. digitoxin Avns given to the Avholc animal, in another set. to henri- 
lung preparations. The results Aveie clear. Heforo liypertrojliy <^?curro.l in the 
. hearts Avith aortic insufficiency, they exhibited approximately the same rcnsitivify 
to digitoxin or strophanthin as normal hearts. After IsA-pK-rfropliy occurnnl,^ the 
. Iclhal dose was diminished by from 22 to -17 per cent and appeared to i,*v 
to The degree of hypertrophy. The difference, holween the group so tnarked 
that Avhether the dose was redvoned on a basis of the Avcigh: of the Avhde la-tirt, 
per gram of heart, or per kilogram of antmnk made little ditTcrcticc X-j tlx conriu- 
.sions. The results wore the same in heart-lang preicuntimi? in sn’.act aairr.rds. 
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The third palmer shows, by means of heart-lung ])rcparations, employing the tests 
used in the first paper for comparing capacity for work, that this function 
diminishes when thyroxin is fed to the animals for ten days prior to the making 
of the preparation and tltat with longer feeding (three woelts) the decline is 
greater, Furthermore, the sensitivitj' to strophanthin of hearts of cats which have 
been receiving thj-roxin for longer than three weeks is markedlj’ increased. The 
conliieting reports of earlier workers on the question of whether thyroxin increases 
the sensitivity of the heart to tlic action of stroplianthin are explainable because, 
when thyroxin has been fed for less than two weeks, no change from normal is 
found, 

J. M. S. 


Segura, Angel S.: Registration and Interpretation of Cardiovascular Activity in 

the Normal Infant. Rev. argent, d. cardiol. 3: 3, 193G. 

The most striking result obtained by recording optically the heart sounds in 
120 normal infants from birth to two years of age was the finding of three sounds 
per cycle in a great proportion (38 per cent). The moment of occurrence of this 
third sound and its time relation with the ordinary first and .second lieaii sound 
and with the P-wave of the electrocardiogram Bufficientlj- warrant the assumption 
that it is due to auricular systole. 

The phonoeardiographic records show that the first heart sound of infants and 
young children lias a duration ranging between 0.0C4 and 0.172 sec., with the majority 
of the rc.sults falling between 0.10 and 0.14 sec,, the fundamental frequency being 
very constantly of about 40 per .second. The fir.st heart sound is the most intcn.®e 
on the mesocardiac area. 

The second heart .«ound l.asts for between 0.045 and 0.104 .sec., tlie majority of 
the results ranging from 0.05.5 to 0.10 sec., its fundamental frequency being also 
about 40 per .second. 

The auricular sound (visible in 38 per cent of the cases .and easily recognizable 
as vestigial viliration in another 31 per cent of the total number) is 0,0C±0.001 
sec. before the onset of ventricular systole. It lasts for about 0.057 see. and shows 
a fundamental frequency of about 40 per second (averagc=39±0.0S). The in- 
iemsity of the auricular sound i.« the lowe.st as compared with that of the other sounds. 

No true reduplication of cither the first or tlie second sound was ever recorded. 
Tliere was no instance in the records of the so-callcd physiological third heart sound. 

The duration of the silent periods between the first and .second sounds iind be- 
tween the second and tlie following first was practically tlie same in all casc.«. 

AutjiOR. 

Segura, A. S.: Registration and Interpretation of Cardiovascular Activity in the 

Normal Infant. Rev. argent, de cardiol. 3: S5, 1930. 

Fontancllar Pulse . — Optical tracings (Frank-'s method) of the- fontanellar pulse 
are ea.sily obtained in infants after the first month of life. The record is some- 
what similar to that of the central arterial pulse recorded in adult-s. It affords im- 
portant information concerning the ilij-thmieity of tlie heartbeat and (if recorded 
with the iieart sounds) the approximate duration of the isometric contraction and 
ejection phases. The fontanellar piiLsc starts hetween 0.04 to 0.05 sec. .after the 
first hcJirt sound, thi.s interval incrctising with the age. .The same relation c.an be 
found with the top of the R-wave of the electrocardiogram simultaneously recorded. 
The rmcending limb is relatively steep, forming a 95® to 110® angle with the hori- 
zontal. 

Femoral and Tfbial Pulses . — An optical record may be oldainod by means of a 
pneumatic cuff, a sphygmoscopc, and a segment capsule. The record in both cases 
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.s!to«'S a quite simple contour mth no evirlenr «?!(-rotic %v!iv*>. 'Tfje feiiioral 
■niogrjim, ehowiii}? a roumloil top ^liiriii”; tlio fir!<r <l!iyp of life, tends to Ik'couu:; 
angular vath tlie increase of age. It starts between 0.072 to 0.0S4 sec. (ax'crages 
according to dilTerent ages) after the beginning of the heart sound. This 
delay may be still longer in older children. The ascending limb is less steep than 
the corresimnding limb of the fotitancllar pulse, tlie angle rangiisg befvvc'/n 101® 
and 3.30“, with the majority of the re.sults falling between 30.3° and 32.3°. The 
tibial pulse record always i?hov.'.s a rather angular top, its amplitude is smaller, and 
its delay is longer (0.305 sec.) as compared with the femoral pulse record. Its 
tiscending limb is still less steep. 

AxrrHoa, 

Echague, E. Soaje: Electrocardiographic Alterations Produced hy Typhoid Fever 

in Children. 31cv. argent, de cardiol. 3: 322, 1D3G. 

Electrocardiograms recorded in SS childien .‘JiuTering from typhoid fever showed 
frequent alterations in 53 per cent ±: 3.3 of the palient.s under observation. The 
electrical axis was deviated to tlie right in ll.S-l per cent ±: 2.53 of the crises 
during the acme state, the fact coinciding with hypertoxic rannifestations, Tiiere 
were not alterations of excitability, a sinus arrhylbmiu being observed only dining 
convalescence in the propoition of ,33.73 per cent ± 4.31. The A-Y conduction 
time was alterated in 10.20 per cent ±: 2.35 of the patients during the acme and 
in 19 per cent during the convale.sconcc. The QRS complex was widened during the 
acme in 2.G3 per cent ± l.OG, and a low voltage of E-wavc was encountered during 
the same period in 11.84 per e.?nt ±: 2.51 of eases, those alterations eca.'=ing com- 
pletely during convalescence. Tlie alternations of T, and T, reached 3S.42 } er cent 
ft 3.01 and also disappeared altogether during the convalescence. Tnvor.=ion of T. 
in 47.36 per cent ± 3.78 of tlie cases during the acme ]>eriod dinrinislied to .}u 
per cent ± 4.26 during convalescence and finally dccrcn.^ed to 31.00 after roco\ery. 
The inversion of P-wave and alternations of the A-Y conduction time observed 
during convalcsconce always coincided with sinus arrhythmia, giving grounds to 
tlie belief that tiicir origin miglit be imputed to an increased tonus of the vagus. 
I'he widening of P-K and QlbS in the acme was ]trol)ably due to toxemia .«im-e 
the alterations are no longer noted after recovery. 

Airruou. 


Schlomka, G., and Eeindell, H.: Studies on the Physiological Irrcgnharitics of the 
Heart Beat. Ztschr. f. ]fvoisluufror.«ch, 28: 47.3, 393G. 


In young people mild and moderate exertion causes tachycardi.n but does not 
abolish sinu.s urrliythmia. Tlio heart action and respiration arc in a .cense coupled, 
since, on one hand, the heart bcat.s faster when the return of Moot! greatc-.st. 
and. on the oilier hand, the blood flow is faste.st when ilic oxygen alveolar contmt 
is greatest, vir., at the end of insj'iration. Ilhythmic passive abdominal pressure 
modified the phasic respiratory sinus arrhythmia. Tlii.« is taken to indicate that the 
Bainbrid'm reflex is an important factor in causing .«inus arrhythmia. 

L. K. 

hILsske, E,: The Electrocardiogram of the Myxedema Heart. Ztschr. f. Kreis.lauf- 
for.seh. 28: GOT, 3930. 


Eighteen cases are reported with n review of the Istera* 
ca.scs showed a decreased QRS amplitude and six .riiowed 
P-wavc and T-wave. Six cases, liowevcr, sliowod no change. 


lire. Of tin -sc, eight 
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Parkinson, Jolm: Enlargement of tke Heart. Lancet 1: 1.337, 1936. 

This subject was presented as the Lumleian Lectures for 1930, deli\-ered before 
the Eoyal College of Physicians in London. It is an extensive review of the 
well'kno'wn facts of heart size and concepts of those influences wliich change this 
size, either in the whole heart or in particular regions. This is a full re\iew of 
the accepted methods of studying cardiac enlargement and considerable emphasis 
is placed on radiological methods. Little mention is made of palpation in deter- 
mining cardiac size. The article contains considerable information from the author's 
own experiences, particularly his analysis of the work of others which has been 
done under Ms direction. 

The determination of the size of the heart still remains an interesting subject 
and one whicli is not yet fully explained. This article is an interesting contribu- 
tion to the subject. 

H. ilcC. 

f 

Clark, Eugene, and Berger, Adolph E.: Hemorrhagic Extravasations Into the 

Leaflets of the Atrioventricular Valves: Their EelationsMp to Pulmonary 

Embolism. Arch. Path. 22; 524, 1936. 

Ecchymoses in noninflanied atrioventricular valvular leaflets were observed in 
four persons. In three who showed pulmonary embolism, the ecchymoses were 
limited to leaflets of the tricuspid valve. In the fourth, hemorrhages occurred 
beneath the mural endocardium and in the leaflets of the mitral and tricuspid valrns. 
In all four, some of tJie eccJijunoses involved tlie vascularized annuli, whereas 
others were limited to the distal, apparently avascular, regions of tlie leaflets. It 
is suggested that the ecclnmioses whicli were limited to the leaflets of the tricuspid 
valve were related to the coexisting pulmonary embolism. 

AUTIIOE. 

Struthers, E,, E., and Bacal, H. L.: Eheumatic Infection in Childhood; Observa- 
tions on the Sedimentation Eate and the Schilling Count. Cannd. lif. A. J. 35: 

258, 1936. 

Observations on 100 cases of rheumatic infection in childhood indicate that 
the sedimentation rate is a more satisfactory test for the activity of rheumatic 
infection than is the Schilling differential count. It has also the advantage of 
simplicity: it is not laborious, and it does not require special teblmical training. 
The sedin'icntation rate is also of greater sensitivity as an index of inactivity of 
rheumatic infection. 

n. -McC. 

Jobling, James W., and Meeker, Dorothy E.: Purther Investigations on Experi- 
mental Atherosclerosis. Arch. Path. 22: 293, 1936. 

An unsueccs.sful attempt was made to accelerate and increase the develop- 
ment of cholesterol lesions in the aorta of the rabbit by the following injuriou.s 
inocedurcs added to cliolestcrol feeding; (1) intravenous injections of strei>- 
tococcus toxin, (2) ammonium chloride feeding, (3) production of artificial fever, 
(4) intravenous injections of peptone, (5) induction of anaphylactic shock, and 
(G) intravenous injections of uric acid. 

Similarly, no effect on the blood ves-sels of cats could be demonstrated when 
they were fed cholesterol and, in addition, were trcriled with (1) peptone or (2) 
histamine in( ravenously <ir were fed (3) ammonium chloride. 


Axrrnoz. 
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Landfi, Kurt E., and Sperry, Warren M.; Human Atherosclerosis in Sclation to 
the Cholesterol Content of the Blood Senim. Arcii. Pnih. 22; 30.1, 2030. 

Xhe concentration of cholesterol in the blood Kcrinn was compared with the 
degree of atherosclerosis in the aorta, as measured by the lipid content, in 323 
healthy persons who had died suddenly from violence. No relationship was evident, 
and it is concluded that the bieidence and severity of atlicroselerosis are not directlr 
alfceted by the level of cholesterol in the blood scrum per so. 

AcTiroia 


Bargen, J. Arnold, and Barker, Nelson W.: Exten.sive Arterial and Venous 
Thrombosis Complicating Chronic Ulcerative Colitis. Arcii. Int. Afed. 5S: 17, 
1936. 

One of the very serious complications of chronic ulcerative colitis is extensive 
thrombosis of the blood vessels. Among 1.500 cases thrombophlebitis or arterial 
thrombosis which was extensive enough to become a grave clinical problem oc- 
curred in IS. The lust 6 cases are described in detail. Tiirce of the 0 patient.« 
died. All of the deaths were believed to be catised by toxemia and not by embolism. 

II. M. 


Scupham, George W., and de Takats, Geza: Peripheral Vascular Diseases: A Re- 
view of Some of the Recent Literature and a Critical Review of Surgical 
Treatment. Arch. Int. !Mcd. 58: 531, .1936. 

This is a carefully prepared, c.xtensivc review, which pro.scnt.s an imjtortant 
contribution to this subject. It is recommended for careful reading and is not 
subject to abstracting. 

H. McC. 


de Takats, Geza; Acute Arterial Occlusions of Extremities. 
1936. 


Am. J. Surg. 33: GO, 


The differential diagnosi.s between embolism and throinbosi.s of ])cripheral arteries 
is discussed. Emphasis i.s laid on the importance of recogziizing tnuiniatic seg- 
mental vessel spasm and venous or lymiihutic block with secondary vcs.-^el sj>a.-jm. 
Evidence for a reflex arc of collateral vessel .‘^jiasm is i(.s interruption by novocaine 
block of peripheral ncrve.s, by spinal anc.sthesia, and by .sympathetic ganglionec- 
tomy. The afferent arc is po.?tulatcd to consist of the ordinary sensory nerves, 
with wiiich tlic vessels are well .supplied, and the entire are completed by way of 
tlic posterior root ganglion, the posterior root, the. connector neuron to the lateral 
horn, and the gtinglion cells of the efferent sympathetic: i!bcr.s wliith are rrlayed 
in the sympathetic ganglitmated trunk and go by way of the .■^umatic. nervo.s to 
the blood vessels. 

TJio spasm which follows ticute. arterial occlusion can be relieved in cn.-c.-s 

by the use of intravenou.s jinpiU'Crine and by nieatis of alteniating negastve and 
positive pros.surc apparatus. Of 5 cu.^GS treated liv means of tlte foniier methoa, 
Jnarked and lasting benetir wa.s obtaitsed in 5: in 5 by the lat'cr, o> which .> 
late and hopeless, a definite inunediate benefit was not ,lcrivcd. Emls-lectomy 
should be resorted to early in selected ca.-'es, lint not nntii after a briO* tnal wita 
heat and papaverine. 


H. 
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Collens, William S., and Wilensky, Nathan D,: Two Quantitative Tests of Pe- 
ripheral Vascular Obstruction. Am. .T. Surg. 34: 71 , 193G. 

The authors believe that previous tests offer no information rcgarGing degrees 
of vascular obstruction and are of no use in following the progression of vas- 
cularity in an extremity under treatment. They have devised two tests: (1) 
the venous filling time and (2) claudic.ation time. 

Changes in these times indicate changes in rate of blood flow. 

IL M. 

Lazarus, Joseph A.: Mesenteric Vascular Occlusion. Eeport of a Case of Complete 
Occlusion of Superior Mesenteric Artery With Involvement of Entire Small In- 
testine. Am. J. Surg. 33: 129 , 1930. 

The case was that of a diabetic woman. There was complete closure of the 
main stem of the superior mesenteric artery by a thrombus and involvement of the 
entire amall intestine, cceum, and ascending colon. ^Vn autopsy report is included. 

Aurnon. 

Jirka, Frank J., and Scuderi, Carlo S.: Glomus Tumor. Eeport of a Case. J. A. 
M. A. 107: 201, 1930. 

This ease, one of seventy in the literature, is briefly but adequately presented, 
and includes pliotographs of tiie histological slides. In tlii.s instance the tumor 
was on the inner .aspect of the arm, of the sizo of a split pea, and with a pinhead- 
sized bluish area which was exquisitely painful when touched, 

n. Lf. 

Clark, Eugene, Graef, Irving, and Chasis, Herbert: Thrombosis of the Aorta and 
Coronary Arteries, With Special Eeference to the “Fibrinoid” Lesions. Arch. 
Path. 22: 183, 1936. 

Homogeneous masses wliich exhibited the tinctorial properties of fibrin were 
frequently encountered on tlie .surface and within the .superficial fibrous region.s of 
intimal aortic plaques of atlierosclerosis and syphilitic aortitis. 

In the lipoid zones of aortic plaques material which stained like fibrin frequently 
occurred in a fibrillar or iiomogeneous form. TJiis material was commoner in 
ulcerated or eroded jflaque.s, but it ’.vas prc.sent al.^o in sections of plaques which 
appeared intact. 

Homogeneous masses staining like fibrin were observed forming a layer between 
the formed elements of the thrombi and tlie jdaques in eight of nine cases of 
Iiarictal aortic thromimsis. In many instances identical masses were encountered 
within the fibrous or lipoid zones of the imderlying plaque.s. 

The evidence revimved leads u.« to the belief that tho homogeneous fibrin-stainnig 
(“fibrinoid'"') mas.se.s, occurring on the surface of fibrous plaques or the fibrous 
covering on atheromas, represent compressed and iiyalinized blood element.® and that 
the subsurface “fibrinoid” masses in mo.st jnatnncefi are the remnanfs of an or- 
ganizing surface deposit. The “fibrinoid layer” beneath aortic thrombi represents 
laminated surface depo.sit.s of blood elements which have undergone a v.'iriable 
degree of organization. 

It is suggested also that in other in.«tanees in which there is ulceration of the 
plaque or a los.s of endothelial lining and a loo.sening and scpaiation of the super- 
ficial collngonou.s fiber.®, the suiisurfaco fibrin-staining niaste.s may represent 
coagulated blood plasma which has penetnited the jdaquo from the lumen of tho 
ve.ssel. 
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’ As a result of repeated deposition of blood elernents on tiie .surface of the 
plaques and progressive organization of such Iiynlinized elements, the plaque? of 
syphilitic aortitis and atherosclerosis may undergo a progres.sive increase in si/c. A 
thrombus of loirned elements and orthodox configuration ma%’ frcquentlv supervene 
on such laminated, liyalinizcd and j)artially organized surface deposits. 

No differences could bo discerned between the tinctorial behavior of these 
'^fibrinoid’’ masses and tliat of the fibrinous component of tlirombi. It is believed 
that these masses owe their tinctorial propcrti(!.s to their fibrinou.s conipoiienf. 
There is no evidence at present to support the view that the deposits of homogeneous 
fibrin-staining material in the mtinial aortic plaque.s of athero.scdoro.'is or syphilitic 
aortiti.s represent altered or necrotic collagenous liber.*. 

Study of serial sections of eleven thrombosed coronary arterie.s has revealed 
differences in the character of tiic intimal plaque at llic site of initial thrombosi.*. 
In some a fresh break in the inner collagenon.s lining of tlic atlicronia was demon- 
strated; in others the fibrous lining was thiniicil out, and tlie collagen fiber.* were 
widely seimratcd. In the prcsenc.o of congestive heart failure the thrombi were 
deposited on intimal jdaques which were apparently intact. In one ca.se a fresli 
thrombus was deposited on a jdaqtic containing partially organized surface depo.sits 
of blood elements. 

Wo could find no evidence to support the view Unit the fibrin-.staining material 
in the plaques of coronary arteries reprc.scnts altered or no(!rotie fibrous tissue. As 
in the plaques of atlicroscdcrotic and syphilitic aortas, sindi fibrin-staining nias.=e.* 
either represent the remnants of an organizing surface deposit of fibrin or arc due 
to the penetration into the plaque of blood elements. 

AUTJior;. 


Paterson, J. C.: Vascularization and Hemorrhage of the Intima of Arteriosclerotic 

Coronary Arteries. Arch. Path. 22: 313, l!>3f>. 

Vasculariztition of the intima of coronary arterie.s by discrete capillaries which 
arise from their lumens is a common finding in association with athorosclerosi.*. 
It is particularly marked in thrombo.secl coronary arteries. It has not been found in 
normal coronary arteries or in those affected by early nodular endarteritis. 

Hemorrhagic lesions witliin the intima, whicii had occurred into nthcronmtous 
foci, have been observed in a muiiber of arteriosclerotic coronarv- arteries, including 
tliose from nine consecutive patients with recent coronary thronibo.'-is. When the 
hemorrhage was recent, capillary clianuels wore found in the inner layer,* of tiic 
intima in olo.so proximity to the e.Ntniva.sated blo()d. The .sequence of (?ven's in the 
production of intimal hemorrhage appear.* to be (1) cndartcriti.s with vascularizatior. 
of the intima, (2) atheroma with re.sultanl softening of the intorcapillary stroma, 
and (3) capillary rupture. Because di.*crete ijitimal eapillarios. atheroma, and 
intimal liemorrhago have been found in practically every coronary nrierv- showing 
recent thrombosis in this serio.*, it is suggested (hat the.-se factors rej-rcsenf a. chair, 
of events which load to thrombosis, the immciliafe eaust? being d.amage to the 
enriothelitim by the extra viisat ion of blood into the infiiua. 

Actiiok. 


Yater, Wallace M.: Demonstration of n Knplurcd Popliteal 
Dioxide Artcriograplis'. f^oiith. M, d. 29: 97". ,103(b 

.Kepoirt of a case in wliich siir>!'lo tirtcrial an-d veno*!.* 
nneurv'smal piineturc. were used to ilemonstrate an aneury.sm 
nneurysni Was well visualizial. No danger in tbsO use of dire- 
i.s impHed. 


Anenrysra by Thorium 

iftstcrtd of 
radiogrn pb.ically. Tb.e 
ct .nsu'">srys:r;at por.rturc 


! 1 . 
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Boger, A., and Wezler, EL: The Elasticity of the Arterial ‘ ‘Windkessel’' (Balloon) 

at Different Ages in Man. Ztsehr. f. KTei.slaulforseli. 28: 554, 193G. 

The elasticity coefficient of the Windkessel declines from its peak in childhood 
until the age of tsventy-five years, and at that time a minimum is reached. It then in- 
creases again until the age of thirty-five years and remains constant thereafter. This 
is a result of interference between the groivth curve on the one liand and the change 
in volume elasticity module of the arteries and the volume of the Windkessel on 
the other. The growth curve slows down after twenty years of age, the volume- 
elasticity module changes most rapidly between the ages of tvrenty and thirty-fne 
years, and the volume of the Windkessel keeps pace with the volume elasticity 
module- Methods are described for calculating these factors from measurements of 
pulse wave velocity of the aorta, the duration of the femoral pulse, and the x-ray 
cross-section of the aorta. 

The Windkessel volume is smaller than the stroke volume of the heart and is con- 
sequently under considerable tension. The increase in length and cross-section of 
the Windkessel compensates for the loss of elasticity of the arteriai wall with age 
and explains why the arterial pressure changes so little as the normal person giows 
up and senescence appears. 

L. N. K. 

Kramer, Kurt: Measurement of the Velocity of Blood Plow in Unopened Arteries. 

Arch. f. d. ges. Physiol. 238: 91, 1936. 

The method depends upon the use of a i>air of 2 >hotometers adajrted by the author 
for registering changes in the oxygen saturation of the arterial blood. The instru- 
ment is very sensitive and rapid, and it records, rvhen coupled ^vith an electrically 
operated optical system, a cuive of the fluctuations in oxygen content with each 
re.spiration. The photometers were connected, 10 to 15 cm. apart, with the femoral 
artery of a dog. Simultaneous records of the respiratory u-avc.« of oxygon fialiira- 
tion were obtained on a single i)iece of photographic paper, and the difference in 
time between similar points on the curves measured. The distance between the 
two photometers was measured, and the speed of tlic movement of blood was readily 
calculated as frequently as the rate of respiration permitted. lie found velocities 
varying from 10 to 20 cm. per second in the fc-moral arteries of dogs narcotized with 
barbiturates. Two exceptionally good curves are reproduced. Ho realized that 
mixing of the Wood in its forward movement might introduce an error, but, because 
the values obUiined by gas analysis agreed so clo.scly with those obtained from the 
photometer, such an error seemed unlikely. He could not, a.s he had lioped, cal- 
culate change in rate of blood flow because of simultaneous variation.s in the cross- 
section of the artery. 

J. M. S. 

Dorsey, John D.: Control of the Tobacco Habit. Ann. Int. Alod. 10: 628, 1930. 

The con.sequences of abuse of tobacco arc now being recognized and discussed 
in current medical literature. The ill effects of nicotine arc believed to play a 
part in such condition.s as peripheral v.asculnr disea.‘-e, organic and functional 
diseases of the stomach, pregnancy, headache, hyperglycemia, rliinitis, hyperten- 
sion, asthma, cirrhosis of tlie liver, de.afness, amblyopia, ether ane.sthesi.a, and 
others. Limitation of the use of tobacco seems ranch more difficult than the com- 
plete withdrawal. The use of lobelia or Indian tobacco is found to be effective 
in lessening the acute discorafort.s wliich result from the sudden withdrawal of 
tobacco. The drug is used in the form of lobeline sulpliato, 0.008 gm. {% gr.), 
given by mouth in capsule form iniinediatoly following a meal. This dose is 
repeated a.s often as the patient feels the urge to smoke. 


E. A. H. 
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DISSECTING ANEURYS]\r OP THE AOETA 

A Clinical and Anatomical Analysis of Ninett;en Cases (Thirteen 
Acute) With Notes on the DiFraRENTiAL Diagnosis® 

Robert Earle Glendy, ]\LD„t Benjamin Casti.eman. I\r.D., and 

Paul D. White, I\T.D. 

Boston, ]\Iass. 

introduction 

A n UNCOSIMON but importanl vaseular lesion that has received far 
L too little attention clinically is partial rupture of the v.'oll of the 
aorta with dissection of its coats, designated generally as dissectinir 
aneurysm of the aorta. A recent exjierience with several eases has 
changed our attitude from one of remote academic interest in the 
pathological aspects of the .subject to one of lively ])raetical attention 
to the possibility of making an ante-mortem diagnosis. It is tin’s experi- 
ence and an analysis of the ea.ses that have come to auto]>sy at the ^las- 
sachusetts General Hospital in the last thirty-eight yeai-s that wo shall 
present. 

For many yeai-s the lesion has been well knovai to pathologists, hav- 
ing been recognized clearly for the finst time by iVIaunoir^ in 1S02 and 
establislied on a firm foundation as a pathological entity by Peacoek- 
in 3843, Shennairs recent comprehensive monograph on dissecting 
aneury.sms'^ has made it unnece.ssary to give here a lengtliy i-eview of 
the literature on the subject. 

Clinical observations in this condition have lieen, with few except ion.s, 
incomplete, and the diagnosis has been made almost exclusively at post- 
mortem examination. For an explanation ive have only to consider the 
conditions under which the majority of these imtients are ol>sprved. 
The disease comes suddenly and often with such overwhelming severity 
tliat its victim dies in a short time or is retidered so ill llmt no acenrat^^ 
aeeount of his symptoms can he obtained. Often in deference jo a very 
sick ptitient the phy.sician pusipotia'? the complete e.xatnination trhjr-h mar 
give valuable diagnostic lends. Th.at the diagnosis is so rarely made 


•From the Cardiac and Patholosical of tisr 

Hospital. 

tl>alt<ir» .Kcltohir. tU-nenU HiwpRoi. 
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clinically, being confused with various inti’athoracie and intraabdominal 
conditions, notably coronary thrombosis, indicates the present need of 
further contributions to our knowledge of the subject. Almost everj' 
condition with which it is confused is less likely to be rapidly fatal than 
dissecting aneurysm of the acute tjTpe. Therefore, if for no other rea- 
son than to establish a more accurate prognosis, we should be on the 
alert for this condition. On the other hand, dissecting aneurysm may 
not be immediately fatal, even when extensive. Shennan cites case 
after case from the literature in which, at post-mortem examination, 
healing or organization had occurred with persistence of the dissected 
sac to a greater or lesser extent, and in only 2 of some 75 cases was the 
diagnosis made during life. 

In his analj^sis of 300 cases of dissecting aneurysm of all types, in- 
cluding 17 of his o'^vn, Shennan considered the diagnosis as having been 
cori’ectly made in 6 cases during life. These Avcre made by Swaine^ 
(1855-56), Bahrdt’’ (1872), Wyss® (1869), Da%y and Gates^ (1922), 
Moosberger® (1924), and Barton® (1930). Sampson^® (1931) and Kel- 
logg and Heald^^ (1933) have each reported additional cases in which 
the diagnosis was correctly made during life. Wei-ss'® (1935), in a re- 
cent review of the clinical course of spontaneous dissecting aneurysm 
of the aorta, reports three cases personally observed, in one of wliich 
the condition was clinically recognized. Loun-sbui’y^® (1935) and Gurin 
and his coauthors’^ (1935) have also reported cases in which an ante- 
mortem diagnosis was made. There are probably others, besides these 
eleven cases, which have not come to our attention. 

It has been oui- o^vn unu.sual experience to encounter recently several 
cases of dissecting aortic aneurj'sm clinically, in two of which the diag- 
nosis was made during life. One case of this group, diagnosed incor- 
rectly as coronaiy thrombosis, has been reported in detail by two of us 
(P. D, W. and B. C.),’® and another, diagnosed correctly, was referred 
to in a footnote of the same communication. During the preparation of 
this paper another ease included herewith was observed and correctlj' 
diagnosed during life by one of our a.s.sociates. Dr. William Paul Thomp- 
son. This brings the total number of cases recognized during life to 
thirteen or more,® excluding those cases referred to as traumatic in 
origin, of which there are a fair number in the literature.’®’ 

The present report is an analysis of the clinical and anatomical fea- 
tures of thirteen cases of dissecting aortic aneurysm directly related to 
the death of the patient and six ca.ses found incidentally among 8,200 

•Sir,c<T thiK prjper was wrltUT}, five afWItlonal casts of acuta fUs-’-'cctlriK aortic 
imeury.siii, JiaKnosfHj ante mortem, have come to our attention. Four of these have 
b^.n observed \vlUiin the iia.st few months b>- Dr. Soma Wel.es (personal cornmunlc-a- 
ticin) at the Bo.ston City Hospital and the fifth In' Dr. A. Conner f personal 

communication) at the .Staten Mnnd Ilcspital In Nev/ York City. This brimrs the 
total number of cares correctly dluKTiosed ante mortem to eighteen or more. 
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necropsies of snl3,iec1.s of all ages at tlie i\rassac1insetls General Hospital/ 
Hereafter, the former group will be referred to as "acute,''' the latter 
group as "incidental/’ Tlie ease histories and important autopsy find- 
ings are given in ahsiraet form in Tables I and II. Appended to Table 
II is one ease in wliicli the intima of the descending branch of the left 
coronaiy artery Avas slit for a short distance, resulting in dissection and 
thrombus formation between the coats of the vessel. Tins Avas the only 
instance of a dissecting process in a smaller vessel in AA-hich there Avas 
not also aortic dissection. There Avas, hoAVCA'cr, no microscopic examina- 
tion made in that case. 


ANALYSIS OP TABLES 
Frequency, Age, Sex, and Occupation 

The actual frequenej' of acute dissecting aneurysm in our series Avns 
approximately one in 630 autopsies of all ages, or, if the 6 incidental 
cases are included, one in 430 autopsies. The former ratio is inter- 
mediate in position among the incidences recorded by various authors; 
Walker and WalkcH® 1:2, .000; Ames and ToAA'iisend’” 1:500 in patients 
of aU ages ; and Weiss’- 1 :300 in adults. 

The thirteen acute eases reported here occurred in persons over forty 
years of age with one exception, a young man aged tu'enty-nine yeai-s, 
AAdio had rheumatic aortic and mitral AUilve disease. Four patients Avere 
in the forties; five in the fifties; tAvo OA-er seventy; and one over eighty. 
All of the incidental cases A\mre OA'er fifty yeai^s old; one in tlie fifties? 
tAvo in the sixties; and three over .seventy. This is in accord Avith the 
age incidence reported in the literature. 

Among the acute cases eleven were males and Iavo Averc femalc-s ; this 
is the usual incidence. There Avere four males and two females among 
the incidental cases. 

Of the acute cases, eight patients had relatively sedentary occupa- 
tions, fiA'e Avere of the laboring class. 

Symptom.<i and Signa 

The very sudden, definite onset of symptoms is one. of the striking 
features of acute dissecting aneurysm. In only Iaa'o of our thirfccui 
acute cases Avere the SA*mptoms of such gradual onset and dcvolojnnent 
as to leave any doubt regarding the time of onset. In five, or nearly 
40 per cent, a history aatis obtained of effort or excitement immediately 
preceding the onset of symptoms, Avhich included stooping to pick up a 
heuAy object in Iaa-o eases, A'omiting in one, sexual intercour.se in one, 
and arguing a ease in court in another. 

Pain . — In the majority of the acute eases (nine), the. pain originated 
aboAm the (fiaphragm; less often in the abdomen or flank (four). But 
regardless of Hie origm of the pain, in no tAvo eases in our series avas 

•Some of the capes rMonieU Iierc have becti rr-port' d F<>|«ra{.-ly from to tin;? 

In The Enplnnd Journn? o/ -AfrrfiHr;/' un<1c-r the. “CaF'' of I'ic 

ECtts Genera! H'ospitnl.” Since t}»c pivsr-nl report indr-Jes ?.!! of t!;<' ce.si f cvturri.nK 
at the MassacJuisett®: CenenU Hospital xip to Septeniher, n?se. can he 

Rvokled in future t.ntau!ations hr net couniinp Ujcsc Jndivldaa? care repart.?. 
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Table 

TiiiitTEEN Casks o?' Acute Dissecting Aneurysm or the 




5il (Waiter 1 Sharp pain across 


front of chest 4 
flaj's before 
entry, worse on 
taking a breatli. 
Subsequent 
cough and 
dyspnea. Pain 
continued 
severely, mostly 
on tlie left side. 
Hoarseness 
from shortly 
after the onset. 



M Architect iSuddon onset of 
(W) sharp, agonizing 

pain in right 
lumbar region, 
constant for one 
week before 
entry, relieved 
only by large 
doses of 
inorpliia. No 
further historv. 


Pale, slightly 
dyspneic; respi- 
rations, 32. Dull 
to flat on per- 
cussion over left 
back from angle 
of scapula to 
ape.v, with harsh 
breath sounds 
and numerous 
rales. Pine nilcs 
over the front 
of both lungs. 
Coarse rales 
over right bade. 
Heart said to be 
normal. Kate 
88. Blood pres- 
.sure not taken. 


No examination 
made for stated 
reason that 
patient was in 
sudi great pain. 
Pulse, 100, 


Pain continued. 
No response to 
supportive treat- 
ment. Breathing 
became progres- 
sively more difll- 
cult and he died, 
the heart having 
been said to be 
normal Hi hour 
before death. 


2*/0 hours after 
entry he sat up 
in bed crying 
out with pain, 
following which 
he lost con- 
sciousness, be- 
came cyanotic, 
and died within 
thirty minutes, i 


> W 
a u in 
D S 
in < o 




tlic radiation exactly tlie same. In three instancc.s in whicli the pain 
originated Nubstern.ally, tlicre was no radiation in onej another liad pain 
extending to hotli .sides of the che.st, more on the left; and in the third, 
tlie pain radiated througli to the interseapidar region, upward into the 
left jaw, and later down into the thighs. In two patient.s in whom the 
pain was deserihed as “precordial” in origin, one had radiation of the 
pain into the hack and right che.st, and the other lateral radiation 
equally to the two .sidas of the chest. Of the four remaining patients 
in whom the pain originated above the diaphragm, one developed inter- 
seaymlar pain first, with radiation anteriorly to the region beneath the 
-stermim; the second had initial pain in the right lower chest and flank, 
with a slight radiation to the right shoulder; the third had pain original- 
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Aorta Directly Related to the Death of the Patient 


U3 

a 

D 

C2 

W 


o 


cc 


S ^ 

2 2 5 

^ ^ S 
^ ^ ^ — 


5 s 

. * ^ 


98-100° F. 


No data 


Hgb., 33% (T.) ; 

E.B.C., 3,324,000; 
W.B.C.,.20,800. 
Urine, small amount 
of albumin and 
numerous casts. 


Bronclioimeumonia. 
Chronic pleurisy. 
Diffuse nephritis. 


No data 


Small sheath dissec- 
tion on posterior 
portion of tlionicic 
aorta at level of 
bifurcation of 
trachea, with small 
inlimal opening 
cm. from the arch, 
and ruitture into 
mediastinum .sur- 
rounding the 
trachea and esoph- 
agus. Slight ar- 
teriosclerosi.s of 
aorta, lilicroscopic 
examination nega- 
tive for sndiilis. 


Rujhured dissect- 
ing aneurysm of 
aorta. 

Adhesive peri- 
carditis. 

Kyjicrtntphy of 
left ventricle. 

Chronic glo- 
merular ne- 
phritis. 


None made 


Sheath dissection of 
media from median 
jiortion of tirch 
downward for 7 
cm., with rupture 
of adventitia into 
posterior medias- 
tinum and retro- 
peritoneal tissues. 
Intimal tear in 
arch (presumably). 
Also intimal tear in 
right iliac with 
small dissection. 
Moderate arterio- 
sclerosis of aorta. 


Dissec.ting ancu- 
rysm of thoracic 
portion of Jiorta 
witii extensive 
iiemorrhage into 
posterior medi- 
astinum, sub- 
pleural, and n't- 
troperitonal 
tissues. 

Dissecting ancu- 
rvsm. right cons- 
num iliac artery. 
Hypertrophy of 
heart. 


,.oei of tlio ri-hf shoulder, nuliating to the Icil 
mg over the posterior as eei ^ settling 

slioiilder and thence do^^ ^ abdominal (pmdvants: and tite 

with greatest f«tensi > ^ mastoid region, ra.tinit- 

fourth had pain which hcgmi h^ ^ 

ing down the neck to the '' .ailv one %vho eomplaitii d 

last mentioned patient, m ' vague aching nature 

at any time of pani m m ^Vn throughout the tlunax and trunk: in 
associated with othei . In'carne numb and weak, 
another patient, howevoi, the a ^ 

I, throe P^^ti^its th^- H^mentiom 

siriboa .*h.s •.» u,o ....u. i»dy. i,u. ..u 
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Table 1 , 


• ^ 

o > 


SKX 

(HACK) 

OCCUPATION 

HISTORY 

PJIYSICAI. 

FINDINGS 

COURSE 

i 

3 £ ^ 

X < O 

3 

(1917) 

! 

j 

70 

P 

(W) 

Cook 

1 

j 

On the day before 

1 entry, sudden 
onset of stab- 
bing pain in in- 
torscapular 
i region radiating 
tlirougli to lower 
part of sternum, 
occurring inter- 
inittentl}^ but 
witli a constant 
i dull ache in be- 
tween attacks of 
sharp pain. 
Dyspnea and 
orthopnea. 
A^omiting short- 
ly after onset. 

Obese. Efiles at 
left lung base. 
Heart enlarged 
both to the right 
and left. In- 
creased supra- 
cardiac dullness 
(8 cm.). Heart 
sounds of fair 
qualitj-, rlijllim 
irregular, rate 
100. Short pre- 
sj'stolic murmur 
at the apex. 
Blood pressure 
260/140. Edema 
over the shins. 

Improved some- 
what with rest, 
digitalis, and 
the nitrites. 
Pain ceased 
after the 17tli 
day, and she 
was discharged 
on the 37th day. 
Nine weeks later 
(LI weeks after 
initial attack), 
following vomit- 
ing after each 
meal for 3 days, 
she was taken 
suddenly with 
agonizing sub- 
sternal pain 
radiating 
through to the 
hack and died 9 
hours later, 
.shortly after her 
second admis- 
sion to the hos- 
pital, and be- 
fore any perti- 
nent observa- 
tions wore made. 

103 days 
after for- 
mation 
of dis- 
secting 
aneurv’sm, 
9 hours 
after its , 
rupture. . 

4 

(1917) 

53 

i 

1 

1 

U’l 

(W); 

! 

j 

i 

i 

1 

! 

1 

1 

1 1 

Laborer 

1 

j 

1 

I 

i 

On the day before 
entry, while on 
a ladder bend- 
ing over to fix a 
pipe, he was 
suddenly seized 
with severe 
stabbing pain 
in the left chest, 
just below and 
outside the nip- 
ple. The pain 
quickly in- 
1 creased in inten- 
1 tihy radiating to 
the back and 
right chest, was 
wor.se on lying 
down, and was 
associated with 
great dy.spnea. 
Ho was given 
cathartic.-? and 
enemas without 
relief and later 
sent to the hos- 
pital. 

Obese. Anxious 
facies and in 
great distress 
from substornal 
pain. Few rales 
at left lung base 
in front. The 
apex impulse of 
the heart was 
neither seen nor 
felt. The apical 
heart sounds 
v.-erc quite 
faint ; no sounds 
wore amliblo at 
the base. The 
rhythm was reg- 
ular, the rate, 
120. Question- 
able systolic 
tiiurnmr at the 
apex. Blood 
pressure, 

' 100/120. Slight 

jicriphcral 
arteriosclerosis. 
Extreme tqdgas- 
trie tenderness. 
Itetle.xcs normal. 
Itcspirations, 30. 

Agonizing seizures 
of pain, as de- 
scribed, con- 
tinued on slight 
movement or 
spontaneous!}’. 
Became hoarse 
and later lost 
liis voice entire- 
ly. Dyspnea 
was marked. 

B. P. fell to 
100/78 after 
venesect ion, and 
there was par- 
tial syncope. In- 
tractable disten- 
tion developed 
ami a “surgical 
abdomen” was 
considered. 
Tliougli appar- 
ently in ex- 
tremis his JJ. 1’. 
rcniaiticd ele- 
vated (ICO) and 
the pulse fairly 
strong until 1 
hour iHjforc 
death on the Cth 
day. 

0 days 
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99-100.8° F. 


Hgb., 80% (S.); 

W.B.C., 13,000- 
15,000. , 
Wassermann, nega^ 
tive. 

Brine, low Sp. G., 
trace of albumin. 
X-ray (7 ft. cliest 
plate) on 19tli 
day after onset. 
Interpretation : 
Well-marked 
cardiac enlarge- 
ment. Great ves- 
sels measured 11.6 
cm. , Aneurysm 
of descending 
aorta (type not 
specified). 


100-100.5' 

. F. with 
gradual re 
turn to 
normal. 


Angina pectoris. 
Arteriosclerosis. 
Chronic nephritis. 
X.B. — Apparentlj' 
the x-raj’’ diagno- 
sis was not given 
much considera- 
tion. 


Hgb., 90% (S.) ; 

W.B.C., 18,500; 
N.P.N., 56 mg. %. 
Urine, slight trace 
of albumin, few 
casts. 

P.S.P. excretion, 
35%. 

Wassermann, nega 
tive. 

Stool,- positive 
guaiac test on 2 
occasions. 

X-ray of chest on 
oth day showed 
heart and groat 
vessels much on- 
larged, and an 
area of dullness in 
the right mid- 
chest. The film 
was regarded as 
unsatisfactory, 
and a 2nd one 
taken post mortem 
was also unsatis 
fact or j-. 


Irregular cleft in in-- 
tima at junction of 
arch and thoracic 
portion with sheath 
dissection of the 
media, proximally 
to the right coro- 
nary mouth and 
dLstally to a point 
9 cm. below the 
arch. Rupture into 
mediastinum and 
rctropleural spaces. 
Jlarked atheroma 
of aorta. Jlicro- 
scopic examination 
negative for sj^ph- 
ilis. 


Pneumonia. 

Chronic nephritis. 
Arteriosclerosis. 

? Aneurysm. 

? Subdiaphragmatic 
abscess. 


Dissecting aneu- 
rysm of aorta 
with great hem- 
orrhage into 
periaortic and 
retroplcunal 
spaces. 
Hemopericardiuni. 
Arteriosclerosis. 


Elongated crevice inj 
aortic intima at 
junction of arch 
and ascending por- 
tion in the region 
of an arteriosclerot- 
ic ulcer with 
sheath dissection of 
the media of irreg- 
ular contour ex- 
tending down a.s 
far as the inferior 
mesenteric artery; 
rupture into the 
mediastinum and 
both pleural cavi- 
ties. ilodcrate 
arteriosclerosis of 
the aorta, in some 
places marked, 
ylic.roscopic exam- 
ination: iHoytoliti 
.•;tain negative al- 
though there was 
some suggestion oi 
s\-phiiis in tlm 
aorta. 


Bissocting aneu- 
rysm of aorta 
with extensive 
hemorrhage into 
plcunal and peri- 
cardial tissues _ 
and pleural cavi- 
ties. 

IIj'pertTOphy of 
heart. 

A rt c r i os-c! e r os i s . 

Edema of lungs. 
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Tabu: 1 , 


NO. 

(year) 

c 

< 

SEX 

(race) 

OCCUPATION 

III.STORV 

5 CO 

t-i 

^ C 

b y. 

i-i J-* 

1 

IC 

s 

o 

p 

:s ^ « 

u u. y, . 

y* < o 

5 

(1921) 

1 

29 

\ 

i 

1 

1 

i 

M j 
(W) 

i 

i 

1 

1 

Carpenter 

1 

i 

Seven weeks be- 
fore entry sud- 
den onset of 
severe pain in 
right ear and 
mastoid region 
radiating down 
over back of 
neck. Pain was 
sharp in charac- 
ter and quickly 
spread over 
whole back and 
chest, worse on 
the riglit side 
and on deep in- 
spiration. In- 
tense dyspnea. 
Sat up for 48 
hours gasping 
for breath. Con- 
tinued orthop- 
neic. Some 
edema, cough, 
and night 
sweats. On 5 
occasions a total 
of 200 07.. of 
fluid removed 
from left pleural 
space, the last 
tap being 
bloody. These | 
taps were done 
before liis entry! 
to M. G. H. 

Apprehensive. 
Marked or- 
thopnea. Head 
jerked tvith each 
heartbeat. Mu- 
cous membranes 
pale and cyanot- 
ic. Marked 
pulsation of 
great vessels. 
Well-marked 
Corrigan and 
capillary pulses. 
Signs of fluid in 
left chest. Heart 
greatly en- 
larged, rhythm 
re^ar, rate 
llo, diffuse 
heaving impulse. 
Systolic and 
diastolic mur- 
murs at apc.x 
and base. Blood 
pressure, 

170/20. 

Continued appre- 
hensive, com- 
plaining of ach- 
ing pains in 
thorax, shoul- 
ders, face, and 
left arm. On the 
9tli day after 
entrj', witiiout 
warning sign or 
symptom, he fell 
back dead. 

i 

i 

50 days ‘ 

C. 

(1927) 

84 

i 

i 

1 

i 

j 

i 

1 

it 

1 

1 

1 

3 

) 

F 

(C), 

House- 

wife 

1 

! 

i 

s 

i 

i 

i 

t 

i 

! 1 

i I 

Indigestion 

(dysphagia, gas, 
occasional 
vomiting) for 
one year. For 2 
weeks had been 
able to take only 
liquids. For 1 
week had com- 
‘ plained of ach- 
! ing pain in the 
right flank and 
lower thorax 
witliout relation 
to breathing. 
Home dyspnea 
on efTort. 

i 

Emaciated. Mark-, 
ed arcus senilis. 
Poor chest ex- 
pansion. Lung.s 
hyperresonant 
and clear. Heart 
slightly en- 
larged to left, 
rhj-thm regular, 
rate 80, sounds 
of fair quality. 
Loud systolic 
murmur over 
left prwordium. 
Radial and 
brachial artery 
walls thickened. 
Pulse of poor 
volume. Bloml 
pressure 00/40. 
Irregular liver 
edge 4 cm. l>e- 
low costal mar- 
gin. Respira- 
tions, 25, 

Continued to com- 
plain of pain a.s 
previou.sly dc- 
scriljed, -Also 
complained of 
some pain in the 
right shoulder 
and of a burn- 
ing sensation 
high in the epi- 
gastrium. She 
was found dead 
by a nurse 18 
hours after ad- 
mission. 

7 days 

i 
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TEMPERATURE 

TiABORATORY 

DATA 

^ s 

a 

c- 

X , rx < 

K C f- 

^3 ^ 

B ^ B y 

C ?i 

5 ^ 

2 c 

Normal dur- 
ing period 
of observa- 
tion. 

Tempera- 
ture at on- 
set not 
known. 

E.B.C., 5,.SOO,000; 
W.B.C., 7,000 (7 
wk. after onset). 

.Blood smear, nor- 
mal. 

N.P.N., .31.5 mg. %. 

Urine, normal. 

P.S.P. excretion, 
40%. , 

Left tlioracentcsis 
on day before 
death j-ielded 
fluid, studie.s on 
whicli were incon- 
clusive. 

Klieumatie heart 
disease. 

Aortic insufilciency. 
Mitral insufiiciency. 
Hydrothor.ax (left). 
? Pericarditis. 

? Pulmonary embo- 
lism. 

Intirnal and under- 
lying medial de- 
generation in as- 
cending portion of 
aorta, 5 cm. in 
length and from 4 
mm. to 2 cm. in 
width. Short 
medial dissection 
and irregular per- 
foration through 
adventitia into 
pericardial cavity. 
Descending thorac- 
ic and abdominal 
portions nog.ative. 
Microscopic exam- 
ination: Colloid 

degeneration of the 
media. No evi- 

dence of sj'philis. 

Degeneration of 
w.all of ascend- 
ing aorta with 
old and recent 
niptures. 

Hemopericardium. 

Chronic endo- 
carditis of 
mitral and 
aortic Mi]ve.“. 

Chronic adhesive 
Xiericarditi.®. 

Hypertrophy of 
heart. 

119.2-100.2° 
■P. ■ 

Hgb., 05% (T.); 

R.B.G., 4,176,000: 
W.B.C., 12,600. 
Bipod smear, nor- 
mal. 

N.P.N., 45 mg. %. 
Wassermann, nega- 
tive. 

Stool, negative. 

Artcrio.solerosis, 
general. 
Arteriosclerotic 
heart disease. 

' 

Rupture of intiinu 4 
cm. in lengtli and 
1.5 cm. above base 
of aortic vah'c. 
Medial dissection 
jtosteriorly with 
rupture into peri- 
cardium. Extensive 
calcified atheroma- 
tous plaques 
throughout aorta, 
some showing ul- 
ceration. Micro- 
scopic. examination 
negative for .«ypli- 
ilis. 

. 

• 

Dissecting aneu- 
rysm of aorta 
(ruptured). 
JTontopericard i u rn . 
.Arteriosclerosis. 

. 
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Table 1 , 


d ? 
i?; ^ ' 

1 

SBX 

(race) 

OCCUPATION 

o 

i 

2 ' 

►3 w 

S S 

r.'S 

55 

« 

P 

o 

*3 

^ 

> 5 y 
« v: 
"C z 

CC < 0 • 

7 

(1930) 

1 

i 

1 

51 

] 

1 

1 

AI 

(W) 

1 

1 

j 

Teacher 

j 

1 

1 

Onset sudden on 
day of entry 
■with terrific but 
rather dull pain 
over entire lower 
abdomen quickly 
spreading to 
both legs, chest, 
and shoulders. 
Desire to move 
bowels: Went 
to bath room 
twice unassisted. 
Within 10 min- 
utes was para- 
lyzed from waist 
down. Numbness 
began in feet 
and rapidly as- 
cended to a 
point just above 
the symphysis 
pubis. Chest and 
shoulder pain 
quickly disap- 
peared, but 
lower abdominal 
pain persisted. 

Pale, ashen cyano- 
sis. In much 
pain across 
lower abdomen. 
Complete flaccid 
paralysis both 
legs. Peet and 
lower legs waxj' 
white and cold. 
Skin above this 
to level of sym- 
physis pubis 
bluish red and 
cool. No dor- 
salis pedis or 
femoral artery 
pulsations on 
either side. -Sys- 
tolic and dias- 
tolic murmurs 
all over pre- 
cordium, loudest 
at base. Blood 
pressure 220 
sj'stolic (140 
soon after onset 
of BjTnptoms). 
Abdomen not 
rigid or tender. 
Sensation and 
reflexes absent 
in lower extremi- 
ties. Tendon 
jerks in arras 
present. Pulse, 
90-120. Eespira- 
tions, 20. 

Death occurred on 
the operating 
table during the 
course of a pro- 
posed iliac 
embolectomy 9 
hours after the 
onset of symp- 
toms. The blood 
pressure fell 
gradually from 
190/90 to 80/00 
during the 
course of the 
operation, 

1 

% dav 

i 

i 


to both legs, to the upper chest, and to both shoulders. j\nother de- 
veloped epigastric pain "which later became generalized over the abdo- 
men and was associated with some substemal distress. In a third, the 
description was that of vague abdominal pain, worse across the upper 
abdomen on deep breathing. Only one patient complained of pain in 
the right lumbar region without radiation. 

Tlie character of tlie pain as described was for the most part severe 
and sharp or stabbing. However, it was variously described as at first 
dull, but later severe, constricting and penetrating; terrific but dull; 
oppressive; aching and vague. One patient, a physician, who described 
his symptoms quite accurately, likened tlie onset in its severity to the 
blow of a sledge hammer on the chest. 
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§■ . 

% 

■ C£ 

w . 

W 

g 

IrABORATOBY 

DATA 

w 

%z 

^ w 

'A o 

7, ^xn < 

“ S ® 

^ S ® ° 

5 S 2 

C - i 

C ■£ 

a v; 

5 

c. 

100.2° F. 

j 

No data 

Embolism, iliac 
arteries (bilat- 
eral). 

T-shaped fear in in-j 
tima 1.5 cm. above 
right posterior 
aortic cusp with 
.cheatli di.ssection of 
media of the whole 
aorta to 4 cm. 
above it.s bifurca- 
tion where a mas- 
sive clot within the 
wall of tlie vessel 
occluded the lumen. 
Microscopic exam- 
ination negative 
for sj'philis. 

Di.ssecting nneu- 
ry.«m of aorta. 

Artoriosclerosi.s. 

Aortic valve 
stenosis (cal- 
careous). 


In eleven out of the tl.ivloon pnliento the pnin was more or Icffi con- 
in eleven uui occurred. The romaniintr tAvo wore 

slant from its inception until deal 

relieved after a few liours by morplna. , 

In seven patients in whom the elTcet of respiration on the pan, was 
Imo,™, it was made wmste in four, and in throe there was no eriect. 
Dmpnea was present in eipht out of nine eases ,n wh.eh tins sinnptom 

" Tirdetree of pvosiralhm and apparent stmel- is estreme in most 
easor vet the blood pressure may he maintained at a veiy lueh level 
Loss’ot -0 Loionsness is common, and in those in whoni tins does not 


IjOSS OL COilSUUHiMivo^ — — r ^ 

occur the suffci-ing is so intense that often little m.ornmlton can oe 
tained from them regarding the details ot their illness. 
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< 

AGE 

SE-X 

(race) 

o 

S 

Ch 

c 

o 

5 

cc 

O ^ 

^ s 

W P-* 

CL| 

COURSE 

>11'^ 
c: P-* z 

D ^ ' 

V2 < C 

8 i 
(1932) 

1 

! 

1 

1 

i 

1 

54: ! 

! 

j 


Lawyer 

History of slowly 
advancing 
iiypertension 
with renal in- 
volvement for 

15 years. On 
day of entry 
awoke with dull 
pain over pre- 
cordium. At 11 
A.M., while tr\'- 
ing a case in 
court, %vas sud- 
denlj' seized 
witli Ee%’ere con- 
stricting and 
penetrating pain 
over left lower 
chest in front, 
e.\'tending to 
right of chest, 
associated with 
weakne.s.s and 
numbness of en- 
tire left arm. 

He was brought 
to the hospital 
in a state of 
collapse. 

Pale, apprelien- 
sive. Reflexes 
normal. Lungs 
clear. Heart 
moderately en- 
larged, rhythm 
regular, rate 90, 
sounds of good 
quality. Aortic 
second sound 
slightly exag- 
gerated, slight 
aortic systolic 
murmur. No 
edema. Blood 
pressure, 
200/100, Respi- 
ration.?, 20, 

t 

Blood pressure re- 
mained elevated 
(210/135-120) 
for 3 days, then 
fell gradually to 
160/100. Vague 
upper and mid- 
abdominal pain 
continued more 
or }dss con- 
stantly, but he 
airpearcd to be 
doing fairly 
well until his 
sudden death on 
the 8th day 
after the onset 
of .sj-mptoms. 

8 days - 


Ilypcricndon is almost invariably present. It was foilnd in eight out 
of eleven of our acute cases, in which tlie blood pressure was deter- 
mined. Pour who were known to have had preexisting hypertension 
maintained the hypertension to a greater or lesser degree after dissection 
of the aorta took place : in one of tlicse, a man aged twenty-nine yoar.s, 
aortic insufTiciency of rheumatic origin was present. In three patients 
of wlmni we liad no ju'evious knowledge of tlie lilood pre.ssure, hj'per- 
tension was present shortly after the onset of the acute attack, falling 
off gradually, but later in two of these, attaining a higher level again 
before death occurred. One patient, in whom the aorta was totally oc- 
cluded near its bifurcation, developed in tlie period of one hour a .sys- 
tolic prc-ssurc of 220 mm. of mercurj', the original pressure being 140 
mm. of mercury. In this case the diastolic pressure was never greater 
than 00. In one patient tlie blood pre.ssurc was normal when first deter- 
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■ w 

p 

• 

■ a 

-w . 

c. 

LABORATORY 

DATA 

P s 

P 

P < 

p 5 

P g C E- 

j;, p ^ 

Ppsi 

CJ ^ ;r 
tC ^ w ^ 

r- u. 

p K 

Ik 

> c , 

s 

99-100°, F. 

W.B.C., 19,000- 
10,400. 

Wassonnann, nega- 
twe. 

Electrocardiogram, 
within normal 
limits on 3 occa-l 
sions (1st, 2ndj 
and 5th days 
after entry) . 

i 

1 

i 

Coronary throm- 
bosis. 

j 

i 

1 

Horizontal intimal 
fear, almost com- 
jdetc, 7 cm. below 
arch, and partial 
horizontal tear .3.5 
cm. below arch ; 
also 2 nlccraiions 
with perforation, 
one at junction of 
arch and descend- 
ing portions, the 
other 2.5 cm. helow 
this. Almost com- 
plete sheath dissec- 
tion of descending 
thoracic aorta be- 
ginning at distal 
portion of arch and 
partial dissection 
for (> cm. below this 
with a sac of the 
following dimen- 
sions (0 by 1 by 
0.2 cm.) extending 
' into both common 
iliac arteries. Pup- 
lure into medias- 
tinum and riglit 
pleural cavity, 
lifodcratc arterio- 
sclerosis of aorta. 
Microscopic exam- 
ination negative 
for syphilis. 

Dissecting aneu- 
rysm of aorta 
and iliac ar- 
teries, 

Rupture of 
cfc.sconding 
thoracic aorta. 

Hemothorax 

(right). 

Hypertrophy of 
heart. 

Arterio.sclorosis. 

Acute endocarditis 
of mitnal and 
aortic waives. 

1 


mined a few weeks after the onset, and fell oft gradnally. Two patieiits 
had very definitely low pressures when seen in tlie acute attack, hut 
there was good reason to believe, in these instances as in the majority 
of cases, tliat the blood in-essurc liad been elevated. In small dissect ing 
aneurysms occurring as incidental findings at autopsy, the incidence of 
byi)ertension was equally high, being j)reseut in four out of five of our 
eases in which the blood pressure was recoiTled. 

The j)uhe ratv. in more than one-half of the cases (s:even) was between 
SO and 304 per minute. In one case the pulse rale was 70; in one, 110; 
and in the remaining four, 120 to 140. In those with higher initial pulse 
levels who lived for several days, tlie rate came tlown gradual!}'. In 
only three eases was there a positive or negative statement regarding 
the peripheral pulsations other than the radial pulsos. In all of IhcAo 
cases symptoms and signs were present directing attention to the lower 
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Table 1 


< 

. K' 

O >< 

fe; 

Ui 

o 

< 

K 
O 
M C 

W 

OCCOPATIOW 

o 

£r« 

PUYSrCAIi 

FINDINGS 

a 

w 

« 

P 

o 

u 

S ' 

5 e P 

> K B 

£i H W -• 

D 

Vi < 0 \ 

9 

(1932) 

44 

'w' 

Laborer 

Previous history 
of hypertension 
of unknown 
duration. Chok- 
ing sensations 
with slight pain 
in upper chest, 
occurring at rest 
for 5 months. 
Blood pressure 
knoum to be 
220/llG for 8 
weeks. TVliile 
sitting on bench 
in clinic waiting 
to be seen, he 
was suddenlj' 
seized with a 
severe sense of 
oppression in 
the chest, per- 
spired freely, 
and became very 
dyspneic. There 
was a sense of 
impending death 
and great weak- 
ness. He was 
admitted to the 
ho.spital at once. 

Slight cyanosis of 
the lips, hfoder- 
ate respiratory 
distress (after 
morphia). 

Slight sclerosis 
of optic vessels. 
Marked left pre- 
cordial bulge. 
Moderate en- 
largement of 
heart, rhjdhm 
regular, rate 90, 
sounds of fair 
quality. Loud 
systolic, and 
moderately loud 
short diastolic 
murmurs heard 
over base of 
heart (these had 
been noted 8 
weeks previ- 
ously). Blood 
pressure, 
210/100. Lungs 
clear. 

Responded to mor- 
phia but re- 
mained weak 
and perspired 
freely. A feu 
hours later he 
suddenly be- 
came very cya- 
notic, lost con- 
sciousness, and 
died. 

• '4 hours 

10 

(1934) 

57 

M 

(W) 

PJiysieiau 

Known hyperten- 
sion for several 
years. Onset 
sudden while 
picking up box 
■ from floor. 

Severe sub- 
sternal pain, 
coming abruptly 
like the blow of 
a sledge ham- 
mer, radiating 
into back be- 
tu'ocn the shoul- 
der blades, into 
the left upper 
jaw, and later 
into thighs, 
hLSting about 5 
liour.s in .spite of 
morphia. 

Slightly ill, 
heart moder- 
ately enlarged, 
sounds of good 
quality, aortic 
2nd sound ac- 
centuated, soft 
systolic murmur 
at apc.x and 
base, very slight 
early diastolic 
murmur all 
along left ster- 
nal border. 

Pul.‘=c full and 
soft, rate 70. 
Dorsalis pedi.s 
arteries well 
felt. Blood pres- 
sure, 140/100. 
Knee jerks, nor- 
mal. 

He remained fair- 
ly comfortable 
with morphia, 
but died sud- 
denly on the 
third day while 
talking to a 
friend. 

2 days 













GLENDY ET AL. : DISSECTING ANET.TIJYSM OF ACUTA 143, 


— Cont'd 


w 
- « 
p 

<:, 

K 

M 

P 

w , 

<■• 

W 

>* 

O 

O 

O Ek 
< < 

P A 

CC 

ii 
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^ 
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u: P i ^ 

O Pi 

ii 

'■< C 
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No data 

i 

1 

Hinton reaction, 
negative. 

X-ray, 7 foot plate, 
8 weeks before 
onset showed 
hypertrophy of 
heart to the left 
and dilatation of 
ascending aorta. 

' 

Hypertensive heart ; 
disease. 

Aortic insnfficicnc}'] 
(relative). 

Cardiac asthma. 

1 

Saw-toolhed intimal 
tear 2 cm. in length. 
1 cm. above aortic 
valve on posterior 
wall with sheath 
dissection involving 
% of circumference 
of aorta posteriorly 
extending the whole 
length of the aorta, 
distally into the 
iliacs and proxi- 
malh' to the aortic 
ring. The dissec- 
tion involved also 
the whole innom- 
inate artery and 
extended for 3 cm. 
along tlio loft sub- 
clavian artery. 
Microscopic exam- 
ination siiowod 
cystic degeneration 
of tlio media 
(medionccrosis 
aortica cystica) i 
with only tiie ’ 

muscle layer 
afTected. Eupturc 
into pericardium. 
No evidence of 
.‘syphilis. 

Dis.'^ecting aneu- 
ry.«m of aorta 
(raptured). 

HeinopericardiuTn. 

Medionccrosis 
aortica cystica. 

Hypertrophy of 
heart. 

i 

o 

O 

o • 

W.B.G., 18,000. 

Electrocardiogram 
(on 2nd day), 
normal rh}*thm, 
rate 100, low T,, 
flat T,, high ori- 
gin with slight 
late inversion of 
T„ inverted Pj 
and QESj. 

1 

i ■ , . 

i 

? Dissecting aneu- 
rysm of aorta. 

? Coronary throm- 
bosis. 

Longitudinal tear 3 
cm. in length just 
above posterior 
aortic cusp with 
sheath dissection 
involving three- 
fourths of the cir- 
cumference of the 
aorta posteriorly 
and extending its 
entire length into 
iliacs, into innom- 
inate, and proxi- 
mnlly involving ib.e 
right eoronarv ori-| 
flee. ‘ ( 

1 

. i 

1 

i 

1 

1 

t 

Dissecting aneu- 
rysm of aorta 
* involving iliac.*^, 
innominate, and 
right coron.ary 
arteries. 
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NO. 

(YKAlt) 

cc 

o 

SEX 

(race) 

OCCUPATION 

inSTORY 

«? 

H§ 

cc p 

g 5 

COURSE 

*- 

< 

^ JU ■’ 

^ rt 

fci 

« £4 r. 

D &* V: 

< O ‘ 

11 

(19.S5) 

1 

70 

j 

i 

i 

i 

1 

1 

' M 
|(W) 

1 

i 

i 

Retired 

1 

tVeaknes.s and 
vague abdom- 
inal pain of six 
week.s’ duration. 
No other details 
of history avail- 
able. 

Emaciated and ap- 
peared quite 
weak and ill. 
Mentally con- 
fused. Sclerotic 
fundi. Heart 
greatly en- 
larged, action 
forceful, rate 
1.30, rhythm reg- 
ular, loud sys- 
tolic murmur at 
apex and aortic 
area. Second 
sound of poor 
quality. Bespi- 
rations, 30; 
nlles at botli 
lung bases. Ab- 
domen distend- 
ed, poorly local- 
ized tenderness 
in ELQ near the 
midlinc. Blood 
pre.s.sure, 

144/100. 

He failed rapidly, 
sinking into 
.stupor from 
which he could 
not be aroused.! 
The blood pres- 
sure fell to a' 
point that could 
not be de- 
termined. The 
chest filled with 
large rfdes and 
he died on the 
third day aftcr| 
adrnis.sion. 

? 42 days. 
Onset in- 
definite. 

1 . 

12 

(19.3.5) 

52 1 

1 

i 

i 

(\V) 

1 

I 

Laborer 

1 

1 

I 

/ 

i 

i 

i 

i 

i 

Incomplete. 

Known to have 
had generalized 
abdominal pain 

1 witli nausea and 
i vomiting for 
three d.ays be- 
fore entry. Also 
subsequently 
some jmecordial 
pain. On ac- 
count of a di.s- 
tended tender 
abdomen, he was 
.'■ent to the bo.s- 
pital for sur- 
gical considera- 
tion. No record 
of blood pT>;s- 
sure Iwforc 
entry. 

Acute!}' ill, pulse 
140, tempera- 
, turc lOl.ti” F., 
respirations, 34. 
Heart and lung.s 
said to be nor- 
mal. Blood pres- 
sure, 100/00. 
Abdomen very 
.Ktifi and gener- 
ally tender but 
not more on one 
side than on tlie 
other. Keflexes 
normal. 

1 

Before an o.vplora- 
tory laparotomy 
! could bo done, 
he went into 
slioek, blood 
pre.ssurc falling 
to 40 systolic. 
He sank rapidly 
into coma and 
died in spite of 
a transfusion 
and other in- 
travenous ther- 
apy. He could 
not void, and no 
urine was oh- 
ininod by 
catheter. 

3 da;> 

■ 

! 


extremities. In two of them, tiie preoperative diagnosis of iliac ern- 
holi.tjm vA'is made, and surgerj' was resorted to in an attempt to relieve 
t)ie arterial obstruction. 

Of twelve cases tfie lirart soimtls were good in seven, fair in four, poor 
in one. // rart T/ii'nitnrs of various typ<‘s were presfuit. in ten of tweh'C 
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LABORATORY 

DATA 

«? 

:: 55 
i R 
rr 

o 

3 S 
o S 

w ^ c s- 
r; 2 ?; ti 

? fc ~ o 
s- ^ 

« 3 s 

*< Ja. — 

o « 

P. g 

S X 
r- 5 
*** ^ 

98-101.2° F. 

ngb., 60% (T.) ; 
E.B.C., 3,850,000; 
W.B.C., 30,000. 
N'.P.N'., 87 mg. %. 
Blood sugar, 130 

mg. %. 

Urine, very slight 
• trace of albumin, 
occasional E.B.C. 
in sediment. 

Chronic nephritis. 
Uremia. 

3 cm. tear in infijini 
opposite renal ar- 
teries with sheath 
dissection down- 
ward for 8-10 cm. 
Slightly below in- 
timal tear is a rup- 
ture of the adven- 
titia v,'ith much 
extravasated blood 
invading all tissues 
and cleavage planes 
in vicinity and c.x- 
fonding upward 
through diaphragm 
into tight pleural 
ca-vity. Extensive 
arteriosclerosis of 
aorta from above 
downward. Micro- 
scopic examination 
negative for sj-ph- 
ilis. 

i Dissecting aneu- 
rysm of ab- 
dominal aorta 
(niptured). 

Heniotiiorax, 

right. 

A rt eri osclerosis, 
general. 

Cardiac h 3 -per- 
t ropliv". 

Calcification of 
aortic v.alvc. 

101.6° F. 

W.B.C., 17,400 to 

34,000 . 

(terminal). 

X-ray film of the 
abdomen gave no 
signilicant in- 
formation. 

General peritonitis 
probabl}’ due to 
ruptured appen- 
dix. 

4 cm. transverse tear 
in intima 1.5 cm. 
above aortic ring 
with sheath dissec- 
tion of entire aorta 
(complete for 3.5 
cm. just distal to 
celiac axis) extend- 
ing down to iliae.s 
and proximal dis- 
section with hemor- 
rhagic infiltration 
into myoi’.ardium 
around right coro- 
nary orifice. Xoj 
external rupture. | 
Micro.scopic exnra-{ 
ination negative j 

Dis.*ecting aneu- 
rysm of thonicic 
and abdominal 
aorttu 

Hemorrhage, 
aortic, into iiu'o- 
cardium about 
right coronary* 
arfer_v. 




for i^yplnlis. \ 

\ 
1 



cases. In tlirec of these there Y'as si^niheant vnivniar <iisease— the 
yonngr man, aged twenty-nine years, with rheumatic lieart dlseast* re- 
ferred to previously, and two older imtienls with caicareous changes in 
the aortic valve. Aside from the case of rheumatic iieart. disease in 
which there were both systolic and diastolic mnrnnirs at th»' apex and 
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Tabls I 


NO. 

(YEAR) 

AGE 

M 1 

« ' 
03 w 

OCCUPATION 

HISTORY 

PHYSICAL 

FINDINGS 

COURSE 

►3 

6 e ^ 

> w w 
ci H y: 

X < o ■- 

13 

(1935) 

1 

44 I 

i 

M 

(W): 

j 

Salesman 

i 

i 

1 

i 

Sudden onset, 
while walking, 
of severe pain 
over posterior 
aspect of right 
shoulder, which 
within two min- 
utes coursed 
across his back 
to a similar lo- 
cation on the 
left shoulder, 
then dorni the 
anterolateral 
aspects of his 
chest on both 
sides, douTi the 
sides of his ab- 
domen, wliere it 
finally settled 
and remained 
with greatest in- 
tensity in both 
lower abdominal 
quadrants. The 
legs became 
numb and cold; 
the skin over 
them blue; and 
the slightest 
movement 
caused great 
pain in the right 
leg. 

Obese. Unable to 
walk. Moderate 
degree of shock. 
Marked cardiac 
enlargement. 
Heart action 
regular at rate 
of 104, sounds 
of fair quality, 
blowing systolic 
murmur atapex.i 
Blood pressure, 
190/110. Lungs 
clear. Abdomen 
tjunpanitic. 

Both legs cold 
at first; several 
hours later the 
loft leg became 
warm again. No 
pulsations could 
be felt in the 
right leg, and 
they were weak- 
er than normal 
in the left leg. 
The right leg 
was without sen- 
sation from tlie 
hip down. 

A diagnosis of em- 
bolism of the 
right common 
iliac artery was 
made sixteen 
hours after the 
onset. A clot 3 
inches in length 
was removed 
from the right 
common iliac 
artery, but 
blood failed to 
flow from tlio 
proximal seg- 
ment. His con- 
dition was poor 
following opera- 
tion; blood pres- 
sure, 100/50. 

He developed 
pulmonary 
edema and died 
3G hours after 
the onset of 
symptoms. 

IV 2 days 


base, the most common murmurs were systolic and diastolic combined 
over the base of the heart (noted three times). In one of these, aortic 
stenosis of calcareous origin was present. In anotlier a diastolic mur- 
mur had been noted eight weeks previous to the onset of symptoms. 
Presumably in the third tlie diastolic mumur was the result of sudden 
altered conditions in the aortic ring, or as suggested by Resnick and 
Keefer,*® may have been the result of the same factors which produce 
inunnurs in aileriovcnous aneurysm, A .systolic murmur alone over tlie 
base of the lieart was heard in two cases, and a systolic murmur at the 
apex in three; a diastolic murmur at tiie ape.x, in a man aged seventy 
years, is perhaps to be explained on the ba.sis of left ventricular dila- 
tation. 

Iloarscttcsx occurred in two of our thirteen acute cases. In both there 
was rupture of tlm dissecting nveurysm with licmorrhnge into the 
mediastinum. 
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M7 


No data 


1 

>• 


^ •• 

O 





A4 

o <; 


. - 


C 


< 



w ft- 

i— 

V ft 


None reported ex- 
cept for total 
hematuria in a 
catheter specimen 
of urine taken on 
arrival at the hos- 
pital. 


Bight iliac embo- 
lism (by surgical 
service). 

Dissecting aortic 
aneurysm (by 
cardiac con- 
sultant). 




K 


CC 


C S- 

£ s- g 

sagS 

r 2 r' v: 


Transverse tear 5 cm.? 
in length, ]0.;3 cm.j 
from aortic valve I 
at junction of arch! 
and descendingpor-( 
tion. Media is dis-| 
sected by a homo- 
geneous blood clot, 
the separation in- 
T-oh'ing onJj' the 
posterior and 
lateral aspects of 
the aorta. Short 
dissection (S mm.) 
into media of left 
renal artery. On 
the right the di.s.sce- 
tion stops 7 cm. 
above (he bifurca- 
tion of the aorta; 
on the left it con- 
tinues down into 
the left common 
iliac artery for 3.5 
cun where it rup- 
tured through 0)0 
intima into the 
lumen again. Sfod- 
orate athcromatou.s 
change throughout i 
entire cour.«e of ! 
de.sccnding aorta. 
Microscopic exam- 
ination negative 
for .syphilis. 


Dis.secting aneu- 
ry.sm of thoracic 
and abdominal 
aorta; partial 
dissection of 
renal and com- 
mon iliac 
artcrie.s. 

Cardiac Inmor- 
fropliy, hyper- 
tensive type. 

Pulmonarj- odem.a. 

Gastric ulcens. 


In eleven eases with adequate cxaminaitoit there were seven v.-itli no 
significant signs over the lungs. Two patients Itad signs interpreted 
as pneumonia; botli of tlic.se had heniorrJiage into the mediastinum, and 
one into the pleural cavities a.s well. In one patient who snmved for 
fiLfty-six days after tlic onset, left liydrothorax was pre.senl. 

A low <rrade Uwr, witli the temperalure ranging from 09® to 301,6' 
P.. was present in all cases for a few days following the onset. 

Survival After Onset 

In ten (70 per cent) of our thirteen acute ease.s. the survival after 
the onset of symptoms was 6. 7, 0. 7. Ig. S. I;,*. 2. 2, and 33^ day.s. re- 
spectively, an average of 4.15 days. Of the remaining three ca.se.s {24 
per cent), one lived for 105 days after the formation of the dissecting 
aneuiwsm and died suddenly twelve honis after its rupture. Anotlicr 


Table II 

Six Cases oe Disseetino An'eukys.m of tub Aouta Found Incidentally at Autopsy, and One Case op Dissecting 

Aneurysm op a Coronary Artery 
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for syphilis. 
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lived 56 days after tlie onset of sjTiiptonis and then died suddenly. In 
the thii'd case the actual time of onset -was uncertain, hut the onset 
probably took place about thirty-six daj's before death occurred. 

At tliis point, one ease among those found incidentally at autopsj' 
deserves special mention. It is an instance of the so-called “double- 
barreled aorta” in a man aged seventy-five years, uho admitted no pre- 
vious serious illness, although a detailed past history was not taken. He 
entered the hospital because of renal colic, and stones -were found in the 
urinary bladder. He died on the twenty-seventh day following a cere- 
bral hemoiThage. For details of the changes in his aorta, see Table IT, 
Case 15. 

Cause of Death 

In six of our thirteen acute cases, death was the result of rupture 
into the mediastinum witli or without extension into the pleural or 
retroperitoneal spaces. Rupture into the pericardium occurred in four 
cases. One patient died from complete occlusion of the aoi-ta near its 
bifurcation without rupture ; in another there was rupture back into the 
lumen of the aoifa, death resulting from .shock and pulmonary edema; 
while in tlie thirteenth case the death was due to complete anuria of un- 
Imown cause. In this last case there was dissectio7i in the region of the 
renal arteries, but they wei'e apparently not dii’cctly involved, and 
there was no rupture. 

Of the six incidental eases, death was due in three to cerebral hemor- 
rliage, in one to coronary heart disease, in one to cai'cinoma of the .stom- 
ach, and one patient died postoperatively, follownug a cholceystotomy. 

Laboratory Data 

The white blood cell count in eight aciite cases averaged 20,000, with 
extremes of 32,600 and 34,000. An additional patient seen six wcek.s 
after the onset had a count of 7,000 which remained at this level. In 
extensive di.ssections, or when ruptui’c occurs, the red blood cell count 
falls. 

Tlie Wa.s-sermann or Hinton reaction was determined in nearly' one- 
half (6) of the acute cases and in two-thirds (4) of the incidental cases 
find was always found to be negative. 

Electrocardiograms were taken i!i ojily two of our thirteen acute cases. 
In one of these in which the clinical diagnosis was coronary thromho.sss, 
the tracings were e.ssentia]ly normal on tlie first, .second, and fifth day.s. 
On the eighth day, wiien ajiparently improving, the patient died suddenly. 
The other case, following shortly after the one ju.st mentioned, was cor- 
rectly diagnosed on tlie basis of the clinical characteristics of his illness 
though the electrocardiogram .showed slight T-wave changes in Lead-S II 
and III, suggestive of cardiac infarction of the }io.stc;rior or diaphrag- 



GL70NDY F;J- AF. : 


dissecting aneurvs.m of aorta 


matic type. Tlie probable reason for the .sliglit abnormality was re- 
vealed Avben at autops}* the aortic dissection was found extending proxi- 
mally to involve the opening of the right coronary orifice. 

X-ray examinations were made in three eases. In one of those a 
diagnosis of aneuiysm of the descending aorta (type not specified) was 
made by the roentgenologists, bnt the possibility of a dissecting aneu- 
rysm was entirely overlooked by tlie clinicians. Tliis patient, lived for 
more than three months after the formation of tlie dissecting aneurysm 
and then died within a few hours after it had i-uptured. In a second 
case, the aortic arch on the left was reported as prominent, but the in- 
terpretation was equivocal. Here, ruxiture liad occurred into the medi- 
astinum and both pleural cavities. A third ])atient had a flat x-ray 
plate of the abdomen to determine the presence of gas beneath the 
diaphragm, but this gave no important information. Di.s.section was 
present in the thoracic and abdominal aorta. 


PATHOLOGY, ETIOI.OGY, AND PATllOGllNESTS 


The aol’ta often shows a transverse, irregular tear from L.o cm. to 
2 cm. in length and about 1.5 cm, above tlie valve ring. This tear ex- 
tends through the intima and part way through the media into wliieh 
blood penetrates until it finds a plane of cleavage and liegins to di.sscet. 
The dissection lies almo!?t always between the middle and outer thirds 
of the media, involves about one-half or two-thirds of tlie eireumferenee 
of the vessel, and extends distally along the greater ]>arf or the entire 
course of the aorta, quite often into the iliac arteries, le.'^s often into the 
vessels of the arch, and only rarely into the renal or other smaller 
branches. Occasionally tlio blood dissects backward down to the valve 
ring to impinge upon one of tlie coronary months. This occurred in 
two of our eases (Cases 10 and 12, Table I) and in one apparently pro- 
duced anginal pain. In Case 7, Table I, tlie aneurysm compressed the 
huneii of the abdominal aorta i cm. above the bifurcation, with .subse- 
quent paralysis of tlie lower extremities. 


The blood enclosed in this slieatli composed only of advcRitifia and a 
small portion of the media is likely to perforate it at .some point, not 
neee.ssarily in immediate relnt ionsliip to the intimal tear. If llte per- 
foration, is close to the heart, rupture wilt be into the pericardium ; if 
more distal, into oitber iilcural cavity or oeeasionally into the retro- 
peritoneal tissues and then into the abdomen. This external perurra- 
tion is often dihleiilt to demon.stratc wlien it is not witliin the peri- 
cardium because of the blood dot. in the loose surrounding tissues. Very 
rarely the blood may reenter the original hnne-n and tlius pmduee .a 
doulile-bnrreled tube; tlmse are the case.s tlmt occnsiennlly organise .and 
bcnl (see Case 1.^1, Talde 11), At autopsy the aneurysmal sm-.s oreasimuilly 
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are found to be filled with blood clots of ante-mortem or post-mortem 
origin; very often the thin dissected channel has emptied following tlie 
last heartbeat. 

The microscopic pathological changes are so intimately associated with 
the pathogenesis that they vdll be discussed together. 

Originally the explanation that seemed most obvious, and actuallj’’ 
the one that was first expounded by Virchow, was that mo.st dissecting 
aneuiysms arise on the basis of atheromatous ulcers. However, the fact 
that many of these cases occur in fairly young individuals without sig- 
nificant arteriosclerosis and that the majority of them begin in the 
ascending portion, where arteriosclerosis is minimal, has recently led to 
almost complete elimination of arteriosclerosis as an etiological factor. 
In our series, however, there is definite emdence that in four cases the 
primarj" intimal tear was on the basis of an arteriosclerotic ulcer, but in 
none of these did it occur in the ascending portion. In these four cases, 
moreover, the dissection was verj”^ short (except in one where it extended 
for 9 cm.), and the aneury.sms did not penetx*ate the adventitia, reenter 
the original lumen, produce sjTuptoms, or cause death. From this .small 
group, therefore, one might infer that although arteriosclerosis is one ,^ 
cause of dissecting aortic aneurysms, it is responsible for only a small 
pei'centage of them (ixi Shennan's series, 6 out of 218 cases) and that, 
when it is the primary caiLse, the re.sultant aneuiysm is usually small 
and asjTnptomatic and is not a factor in the patient's death. However, 
Shennan ’s eases show that this is not invariably the course in such eases. 

Another tlieorj', and one which is seldom mentioned in the literature, 
is that inflammation, that is, aortitis, is respon.sible. Tlieoretically there 
is no reason why an acute or chronic inflammation of the media should 
not weaken the wall sufficiently to predispose it to rapture. In two of 
our acute cases (Cases 4 and 10, Table I) there was a fairly diffuse 
infiltration of the media and adventitia with polmnorphonuclear leueo- 
cjdes and Ijunphoe^des (Fig. 1). In both cases tlie Wassermann te.sls 
were negative, and the eeUs were not selectivel 3 ' disti’ibuted around the 
. vasa vasorum, so that sj'philis can faii’h' well be ruled out. The ap- 
pearance slighth' suggested a rheumatic aortitis, but in neither case was 
there anj' evidence, either clinicallj" or pathologicalh’’, of rheumatic 
fever. Vdiether this degree of inflammation was a factor in the pi’oduc- 
tion of the aneuiysm in these cases is still problematical. Can peri- 
arteritis produce enough damage to the vasa vasorum to diminish the 
medial blood supph' and thus weaken the wall? Again.st this idea is the 
fact that .sjyhilitie aortitis is almo.st never found as a background in 
eases of dissecting aneuiysm. Tj'son^^ has shown that the vasa vasorum 
ma\' be obliterated either by arteriosclerosis or 13 %* a low grade infiam- 
matorj* process with resultant medial hematoma and di.sseetion without 
intimal tear. His findings are veiy sugge.stive that affections of the 
vasa vasoram may pla^- an important role. 
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Closely allied ^vith tliis last mentioned idea is wliat is now aeeepted 
as the most common etiolof^ieal factor, namely, medial degeneration, or 
what has been tciTiied by .ErdIieim-~ "medioncerosis aortac idiopathica 
cystica.” The lesion nvas present in ARirying desrees in eight of onr 
cases, six of which wei-e in the acnlc grouj). This condition has })eon 
described so adequately by Erdheim, and recently in this country by 
jMoritz,-’ that only a brief statement need be made here. Tlie lesion 
consists of focal, and occasionally fairly diffuse, mucoid nr hyaline de- 
generations of the media wliich i-esnll in cy.st formatioTi or what lias 
often been called “faults.” (Figs. 2, 3, and 4.) The wliolc sequence of 
these lesions can very easily be seen if numerous sections are takeji. 
The etiology of these degenerations is still unsettled. i\loril>: was able to 
find them in 10 per cent of .seventy adult aortas, but not in such a 



1 10 -V inicropcopic 5^ocUon of fxn fnvolv^inj nrca i^ho^vlnp 

throuKh the media. ' Xote the .-^uhiiUimal :Uheronmtoiitf (h-roUt. Our enijitiv! 
channel, .'incl the cellular Infiltration of the .adventitia. ) 


marked degree as those found in bis tiiree eases of dissei'ting anenry.sm. 
He believes that it is associated tvith seitility. Situilar Je.sions. how- 
ever, have ])oen found in young individuals ^ior exaiu)>ic. our t.<ise »>, 
Table 1). ami have been produced exjierimeuta.lly in rabbits by the use 
of adrenalin. The consensus of opinioti is that tliey are produced by 
variotis toxic agents a.ssoeialed tvitb previous inieetions. 

Grantiim- the jircsenee of .some disease in the aor!a“~arterio5ch‘ros!s- 
infection. or detrenoration — what is the immediate incitant that pro- 
duces the aneurysm? Itfany oliservers liave stre.ssed overexeiiion. either 
phy.sieal or mental. es]K‘eially assoeitited with, a hype-rtension. In our 
serifis of thirteen acute cjssrs,, five gttve such a Itssuiry ; vi'uuititig, sexsuu 


intofeoui'se. Irving a etise tit court, and in two eases, stoopiim ?<» pick up 
n heavy objie<'4 • 
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The frequent location of the initial tear in the ascending aorta about 
1.5 cm. from the valve has suggested another theory for its cause, 
namely, the effect of the repeated diastolic recoil. This idea was first 
suggested by Loffler and is quoted by Shennan as follows: “When the 
aortic valves have closed, the abrupt recoil of diastole must bring about 



Fig-. 2. — Case 9. A microscopic section of the aorta sho-wing medial cystic necrosis. 

(X25.) 



Fig. 3. — Ca.se 9. A higher po-\vcr view of Fig, 2 taken at the extreme left of the 
-“section, stained to demonstrate the elastica, showing degeneration of the ela-stic ano 
mn.scle fibers. (XICO.) 

a longitudinal stretching of the ascending aoita, and must forcibly 
drive the aortic valve, along -vnth the origin of the aorta, dotvaiwards 
and awaj- from the tran.sver.se part.” Somewhat against this idea is the 
fact that during diastole the base of the heart rise,s, releasing the ten.sion 
on the ascending aorta. In our series of thirteen acute cases the tear 
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occurred in six in the ascending portion clo.se to the valve. The per- 
foration of the adventitia frequently occurred also in the a.scending 
portion and very often at the same level as that of the original intimal 
tear. In our six eases, t-\vo aneury.sms did not perforate at all, but the 
other four all perforated close to the hiitial tear. 

According to Shennan, the recntrance of blood from the di.stal end of 
the dissected sac into the lumen of the vessel permits circulation through 
the new eliaiinel and is the most important determining factor in the 
process Avhich leads to healing and tlie production of a .sepai-ate ciian- 
nel. This is assisted by the circumstance that the new channel passes 
through tissues well supplied, at least on the outer aspect, with blood 
vessels from wliicli organization can take ])laec. Jnst bow i-apidly a 
new lining will .form m the new channel is luicertain. However, the 



.j_ — C.Tf^e On*.! of tJio 

probai)Ie secpieinu* of eveiit.s is as lollow.s. At first, a thin lajcrfd thotta- 
bns is dejmsited on the damaged surfaec.s which then oig;!ui/.«'.s to fibious 
connective tissue. Extension of endothelium into the ne’*v channel froin 
the mouths of ruptured aortic iwauehos has l.u'en de-serilied by Shennan 
and others. It has also been suggested that the endothelial lining ma:*- 
develop in part at least from tlic new tibrous eonneetive lis.suo lining 
the sac. 

niAGX0.S5S 

The clinical recogiiitioji of dissecting munuysni of the aorta l< th-pernh 
cut on the following points, several of which musl be presejit before tiie 
diagnosis is Jnstifiefl: (1) The sudden onset, vdlh pain riuebirfg it.s 
mnximura intensity at once or very quiekiy; (2t tejirireg or ero'.shing 
pain located nun-e often in the thorax, front or b.ack. less inipfi in the 
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abdomen; (3) wide radiation of pain, as a rule, from front of chest to 
back, or vice versa, often doivmvard into the lower abdomen or legs, 
but almost never into the arms; (4) long-standing pain, hours to days, 
which responds poorly to the usual pain-relieving measures; (5) a his- 
tory of considerable long-standing hypertension in most eases; (6) mod- 
erate to severe prostration, with or without loss of consciousness, even 
in the presence of extreme hj-pertension, which is often maintained for 
a varjdng length of time after the onset; (7) slight to moderate fever 
and leueocytosis for several daj’^s at least; (8) phj'sieal findings which 
may reveal little other than an extremely ill patient Mutli a rapid, en- 
larged heart and In’pertension or, in addition, evidence of blocking of 
the circulation to some part of the bodj^ mainly the legs or head, as if 
by arterial embolism; (9) in some eases anuria, indicating dissection of 
the renal vessels; (10) electrocardiographic findings which are not 
charaetei’istie of coronary thrombosis; (11) and, except in rare in- 
stances, sudden death a few hours to a few days after the onset of the 
illness as a result of ruptiu-e of the aneurysm externally into peri- 
cardium, pleura, mediastinum, or elsewhere. 

DIFFERENTIAE DL\GXO.SIS 

The diagnosis was correctly made in only two of our thirteen acute 
cases. In the remaining eleven it was not even suspected. The foUow- 
ing are the principal diagnoses comsidered in our series; pneumonia (2), 
angina pectoris (before coronary thrombosis was being diagnosed), coro- 
narj' thrombosis, arteriosclerotic heart disease, hj'pertensive heart dis- 
ease ■\^'ith acute congestive failure (cardiac astlmia), chronic nephritis 
with nremia, embolism of iliac arterie.s, pulmonaiy emboli.sm, peri- 
carditis, and generalized peritonitis. 

Coronary tlironibosis is the condition with which dissecting aneurysm 
of the aorta is most often confused because of the thoracic location of 
the prolonged severe pain, which is attended by prostration and fol- 
lowed by slight fever and considerable leueocytosis in a middle-aged or 
elderh' man. The following points are helpful in the differentiation: 
(a) the history of angina pectoris in most of the cases of coronaiy 
thrombosis and rarely in those of di.sseeting aneuiysm; (b) the imme- 
diately ovenvhelming pain in the eases of dissecting aneurysm in con- 
trast to the more graduaUj- developing pain of coronaiy occlusion; (c) 
the widespread location and radiation of the pain of dissecting aortic 
aneurjTsm, often in or to the back, head, or abdomen, and to the legs, 
but rarely to the arms, which last mentioned radiation is commonly 
encountered in coronary thrombosis; (d) the frequent persi.slence of the 
hyperten.sion in the case of dissecting aneurysm; (e) the evidence of. 
very early obstruction of the aifcrial circulation to some part of the 
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body otlier than the heart in cases of dissecting aneurysm; and (f) tlic 
pathognomonic evidence, most important of ad. of coronary thrombosis 
shovm by daily electrocardiogi-ams. It is of much interest tlmt. whereas 
three out of every four ])a1ien1s with eoronaiy tlirornliosis survive the 
acute attack, only one out of every four per.sons with dis.secting aoi'tie 
aneurysm survives. 

Embolism of some })art of the body, esiiecially of the iliac, eerehral, 
or jnilmonary arteries, is anotlier condition likely to ))e confused with 
dissecting aortic aneinysm. The very severe pain in tliorax or abdomen, 
without much breathlessness, the suddenness of the onset of trouble 
without pi’evious evidence of disease of heart or veins wbieb might pro- 
vide a source for emholism, and the commonly fatal course of the illness 
serve to distinguish dissecting aneinysm in jnost eases, r'onversel.v. a 
recent case,®"* incorrectly diagnosed as dissecting aortic aneurysm, at 
autopsy proved to he one of i)aradoxical emholism witl> occlusion of 
vessels to the left side of the head and left arm. 

A mnr/ieal abdominal emcrffcnci/. so called, is a diagnosis suggested 
hy dissecting aneurysm, Avhen it involves the abdominal aorta in par- 
ticular. The suddenness of the severe })ain which is likely to i-adiato 
downward on both sides, the old history of hypertension, and the ab- 
sence of a7iy previous ti’ouhlc with the abdominal viscera or kidneys 
should at lea.st arouse a suspicion of the correct diagnosis of dissecting 
aneurysm. 

Pneumonia was diagnosed incoi-rcctly in two of our cases, but the dif- 
ferentiation .should generally be easy, because of (a) the suddenness of 
the onset with very sevci'O paiji, (1>) the absence of evidence of pul- 
monary con.solidation, and (e) the low fever and slight m- absent cough, 
when dissection of the aortic wall lakes })lace. 

It .should be noted finally that death in a number of cases of dissectiue 
aneurysiti has come rapidly either from vasomotor sliock or from aortic 
rupture, so that dissecting aortic aneurysm must lie added to flic causes 
of fairly sudden death. Couvor.sely, sligiit {(‘ars and small dissections 
may ap])arently take place with little or no clinical evidciu'c. such 
lesions, acute or healed, being ineidenlal necropsy findings in piiticnt.s 
who have died of other eaxises. 


I’ROONOSIS 

Dissecting aoi-tie ajienrysm of the ''acute elinical type” is an over- 
whelming illness ending suddenly iii death within a. few houi's nr days 
Among the eases with 3 *at)ier c.xteJJsive aortic dissection i?! this series, 
only one in fourteen rceoverod <-ompleteIy f t.ki.se In. Table Ilk 
sionally the dmsectiJig nnonrvsfn vwy no! rupture exfi-rnally for sev- 
eral wt'oks or moutli.s, permitting a. hmger stjrvivaL Karcly, when 
taneous rupture hack into tfic lujmsu of tlje aorta nr onn of its large 
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branches occurs, there is recovery mth survival for montlis or years. 
Such a case is included in this report in which no antecedent clinical 
event pointed to the existence of an old, healed “double-barreled” aorta. 

Clinically, as a rule, the patients are extremely ill and ran a steady 
do-wnhill course. Loss of consciousness is not uncommon. The few 
patients who surmve the initial attack and .show some improvement 
Later die suddenly without Avaiming sign or symptom. The exceptional 
case that comes to post-mortem examination shoving an extensive healed 
dissecting aneurysm, obviously not the cause of death, has not to our 
knoAvledge been obseiwed or diagnosed correctly during life. Undoubt- 
edly, small dissections occur Avithout producing significant signs of 
sjmiptoms. 

TREATIMENT 

The only rational medical treatment of dissecting aneuiysins of the 
aorta consists of keeping the patient absolutely quiet under opiates 
and sparing him CA’^ery effort that might further increase the strain 
on the outer Avail of the dissected portion of the vessel, 

A recent case reported by Gurin and his associates^* opens up the 
possibility of surgical intervention in certain eases in Avhich the dissec- 
tion has extended into the large vessels of the pelvis. In Gurin ’s case, 
the aortic dissection had adAmneed into the right external iliac artery 
involving one-third of the circumference of the vessel on its lateral as- 
pect and opposing the intimal surfaces so as to cause nearly complete 
obstruction to the floAV of blood to the lower extremity. An undissected 
area of the A^essel Avas incised, and AAdien the lumen Avas found so reduced 
by pressure from blood Avithin the coats of the A^essel, the intima Av^as 
also incised, alloAving the floAv of blood from tlie dissected cavity back into 
the Ivunen of the vessel, thus relieving the increased pressure from 
aboA^e Avithin the vessel aauII and restoring the circulation to the ex- 
tremity, AA'hich Avas maintained imtil death six days later. This is, in 
effect, precisely AA'hat occurs spontaneously at times, tlius prcA'cnting 
exteraal rupture Avhich is so inA'ariably fatal. The occasion to attempt 
such a measure surgically Avill be rare and vdll occur in the experience 
of only a fcAV of us. But, AA'hen dealing AAuth such a highly fatal condi- 
tion, it is well to remember that such a po.ssibi]ity exists. 

.SUMMARY .AND CONCLUSIONS 

A clinical and anatomical analysis has been made of thirteen cases of 
dissecting aortic aneuiysm directly related to the death of the patient, 
and of six other eases found incidentally among 8,200 necropsies of 
patients of aU ages at the Jlassachusetts General Hospital. Included 
also is the report of a ease in Achich dissection occurred beUvecn the 
coats of the Avail of a coronaiy A'cs.sel., Among the thiiieen “acute” 
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cases the diagnosis was made eoiTeetly during life in two, bringing the 
total of correct ante-mortem diagnoses recorded in the literature to lliir- 
tecii or more. 

Dissecting aortic aneiiiysm occurs predominantly in males between 
forty and sixty years of age in wliom there is an antecedent liistory of 
hj’pertension, 'Whereas tlie clinical picture docs not conform strictly 
to a pattern, there are certain features that, v,*hcn combined, .should 
point to the correct diagnosis. Among the.se arc (1) sudden onset of 
severe tearing or erusliing pain, usually thoracic, reaching its maxi- 
mum intensity at once, in a per.son with a history of }n'j‘)er{cnsion ; (2) 
wide hnt variable radiation of tlie pain to the lioad, hack, abdomen, or 
lower extremities, or to all of these, Imt rarely to tlie arms: (3) moder- 
ate to extreme collapse, and occasionally nnconseiousness, even though 
tlie blood pressure may lie maintained for some time at a high level; 
(4) evidence of arterial obstruction to the liead, extremities, or kidncy.s 
when dissection along the hranclics of the aorta lias occurred; (5) a 
rapid, enlarged heart, with or without significant mnrmnrs; (6) .slight 
to moderate fever and leneoeytosis; (7) occasionally honr.seness, wlien 
rnptnre has occurred into tlie mediastinum ; and (8) a variety of sign.s 
and .sjmiptoms which must bo interpreted in tlie light, of other evidence 
in each individual case. Coronary thrombosis and peripberal arterial 
embolism, particularly of the iliac, cerebral, or pulmonary vessels, an*, 
the two conditions most likely to be confused with dis.secting aortic, 
aneurysm. 

Survival after the onset of .symptoms, among tlie acute eases, averaged 
approximately four days, Avitb llirce exceptions in whom the duration oi 
life was six, eight, and fifteen weeks ro.speetivcly. Among the incidental 
eases there was one patient who showed, at autop.sy, a “double-bar- 
reled’' aorta, which condition was unrelated to bis death. 

Pathologically, the predominant features are (1 ) intimal rupture near 
the aortic valve ring, (2) dis.section of tlie medial coat of the aorta, and 
(3) some degree of medial degeneration. Idedionecrosis aortac idio- 
palliica ey.siica (Erdhcim) was present in nearly one-half (six) of our 
acute cases aiul in two of our six incidental eases. Syplsili.s was not 
found as an etiological factor in any ease. Proximal dissection involv- 
ing the mouths of the coronary vesseks oeeurs at times and may cause 
confusion in diftoreniiating di.ssecting aneurysm and coronary throm- 


Clinieal. interest in this dramatic eomlitiou is mounting as shown hy 
t.he increasing number of reports of correctly diagno.seii cases in reccuil 
yean>. In paying particular aitonlion to the eliiiical a.spta*l.s of the- dis- 
ease, it is our liope that- further reports of this miture will he lortii- 
coming to add to our increasing knowledge and diagnostic scumc-n. 
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ELECTROCARDIOGRAPHIC CHANGES IN NOiniAl. ADUi/I'S 
FOLLOWING DIGITALIS AD.^HNISTRATION^ 

Ka.t Lausen, j\I.D., Fritz Nkukiuch, IM.D., axd Niklk A. Niklsek, -M.D. 

Copenhagen, Denmark 

T here are availalile in llie literal nre only coinparntivoly iVw ob- 
servations on changes in the elect roeardiograni foiknving digitalis 
administration, and the results reported are not in compleb^ agreement. 
We have therefore carried out a series of investigations on this iiroblcm, 
observing in a group of licaltliy individuals the effect of administration 
of a therapeutic dose of a well-defined constant digitalis preparation. 

In this paper an account will be given of the eFect of digitalis on each 
of the different parts of the electrocardiogram, and the conclusions of 
])revious investigators mIU be considered in relation to the report tin our 
own observations. 

METHOD 


The .study hicludes ol}.serv!itions on lit individinds (11 men and 1 woman) Ik*- 
twoon the ages of nineteen and thirty-one years. None of tlie sub.jeets had jfre- 
viou.sly prc.'icnted any cardiac symptoms, and a tlioroiigh elinionl exnminalion, in- 
cluding auscultation of tlie iieart, reading of Idood pios.^ure, eh'etroeardiograjfhy and 
roentgenograiihy, had failed to reveal anything ahnormnl. 

The digitalis preparation used was "Tabl. folii digitalm (Jduirmaeopea dunica 
l.dii:))/' This preparation is made of leaves from digitalis purjutrea. Tin.' leaves itre 
purchased in large quant it ic.s, and .standardized l)y the event iml addition of ex- 
rnieted loavc.s, so as to obtain a constant strengtli, deviating by less than per ct-nt 
from 2,000 frog unif.s ])cr gram (tested on siiee.ijiHy selected frogs). 

To each one of the first ten .subjects examined, 1 gm. of this itroi'arution was 
given as a single dose. To sulijects Nos. 1! and 12. l.t gm. was given, O.'* gm. tis 
an initial do.so, followed after twenty-four hours by a dose of O.S gm. Tiic re- 
maining tlireo subjects (Nos. ;i.> to lii) received a total of [\ gm. during rt peritcl of 
two wock.s (O.S, O.ti. O.-l and 0.2 gm. during the first four days, followed by ffJO 
gm. daily for ten days). 

The electroe.ardiograms veore obtained under as constant conditions ns po^^iifle. 
ahvny.s in tlie nsorning (with the exceptions given below), the imlividunls i.'sstizig. 
iind after at losi.st a half an hour’s euinpletc relaxation in the elect nvarijiograj'hy 
rootn. The usual leads were taken from the extremities of «!ic r<wiiu5ng 
Elect roeardiogniphy was iterformed tiirec to fne times ptevious t-a tla' di-gita’us 
ndministmljou. and I, 2, -1, S and 24 hours and 2. 2., 1, 7 days ami «■< on tiftcrwar-I 
with deereasijtg frerjueuev, if possible until the disappe.anaTice ot tiie 
graphic changes. 

The elect roe.ardiugrams uon* obtained by me.'ins of an amphtii r an’ismtus, luKCt- 
jzermitted the sinuiltaueous registration of alt tlirr-e leads. Kn-dj .'’'.-•.'iro.-.ardiagra.m 
was staudardii-.ed for a fe.'-t potential of I inv. i„v dcti-nninatiori of tl.-' ia'drivulr-ec-:- 
of the waves (1 mv. — 10-22 mm.). The height of tlu- waves was rnic.s-.jrf.: vriti: 

»Kram Ifa- .'.{.'vlieai Cliute D. fniversity «f <V.j!vnbaf;- rs fTha f la or—'-'; 

ht, AVarhun,'. At.D.E 
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a pair of compasses and a diagonal ruler; the measurements were always per- 
formed on five to seven consecutive complexes in each electrocardiogram, and the 
heiglit of the waves calculated as the mean value, expressed as millivolts. 

The time indication represented 0.05 sec. As the velocity of the film was 7 to 8 
cm. per second, the length of the various intervals could be measured with an 
accuracy of 0.005 sec. Also for these determinations the mean value of 5 to 7 
consecutive complexes was calculated. The length of the intervals was estimated in 
Lead H only. 

CHANGES OP THE P-WATE 

Cohn and Fraser^ in all their subjects studied observed changes of the 
P-wave, but no report is available concerning the nature of these 
changes. Eoutier and Puddu^*^ found changes of the P-wave in four out 
of twelve healthjr subjects, the wave becoming lower, diphasic, or nega- 
tive ; these changes usuall}^ occurred in Leads II and III. In contrast 
to these findings "Wliite and Sattler-® observed no changes of the P-wave 
in ten healthy young men. 

In the present studies no definite changes in the height or shape of 
the P-wave were seen. 

CHANGES OF THE LENGTH OF THE P-Q INTERVAL 

Whereas Stewart and Cohn^® found no increase in the length of the 
P-Q interval in six normal individuals following ingestion of a single 
dose of 0.8 to 1 gm. of digitan, such increase was observed by most other 
investigators in at least some of the subjects studied. Thus Colm and 
Fraser* found prolonged P-Q interval in each of four normal individ- 
uals after doses corresponding to 2 to 4 gm. of digitalis leaves. White 
and Sattler^® observed increases of 0.01-0.02 sec. in the P-Q interval, in 
seven out of ten liealthy young men following ingestion of 2 to 3 gm. of 
digitalis leaves during a period of seven to eleven days. Dieuaide, 
Tung, and Bien" found the P-Q intenml prolonged by 0.01-0.04 sec. in 
four normal subjects after doses of digitalis corresponding to 1 to 1.2 
gm. of digitalis leaves. Finally van Dyke and Li® obseiwed in four 
rioi’mal individuals increases of 0.005-0.015 sec. following digitalis ad- 
ministration in doses, which are not repoiled in their paper. In all 
instances the duration of P-Q Avas below 0.20 sec. SIcCulloch and 
Rupe,® after digitalis admini.stration to thirty-six cliildren presenting 
no CAudence of heart disease, foUoAving a schedule of dosage outlined in 
their paper, observed in 9 cases a characteristic change in the length of 
the P-Q intei'A'al, the length Amrying AA'itli the diastole, being shorter 
after a long diastole and longer after a short diastole. This abnormal- 
ity was classified as “.sinus arrhythmia,*' and it was expresslj’^ stated 
that the duration of the R-R and P-Q intei’A'als was independent of the 
respiratory phase. In three other children prolonged P-Q inteiwai Avas 
likeAAUSe found, but not varying Avith the length of the diastole. Brams 
and GabeiTnan^ once observed prolonged conduction time (P-Q = 0,34 
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sec.), and once a 2-to-l block. Finally it sliould be mentioned fliat ^Ic- 
Cnllocli and Rnpe/’ Georgoponliis.d® Samet and TezneF" caeb o]).served 
one case of sino-anrienlar block following the administration of digitalis 
to normal individuals. 

In four, out of fifteen .subjects examined during the pro.sent study, 
detinite prolongation of the P-Q inteiwal wa.s found, e.g., increasc.s above 
0.01 sec. (Table I). In two individuals (Nos. 1 and S) the. prolongation 
was only moderate (0.015 and 0.011 .sec., respectively), and the dura- 
tio7i of the P-Q interval did not exceed 0.20 sec. Each of the two otlier 
subjects (Nos. 2 and 13) had a slow pul.se rate previous to the digitalis- 
administration (50.5 and 42.5 beats per minute) and P-Q intervals of a 
duration of 0.205 and 0.107 .sec., re.speetively. and low P-waves. In both 
these individuals the digitalis ingc.stion caused changes quite similar to 
those classified by i\IcCulloch and Pupc as “sinus arrhythmia.” In 
subject No. 13, a marked respiratory arrhythmia was noticed on the 
second day following the digitalis administration (Table IT), with vary- 
ing duration of P-Q, the interval being short. (0.215 sec.) after a long 
diastole, and long (0.28 .see.) after a short dia.stole. If the por.^on was 
made to stop breathing, the P-Q interval hecame of the same length 
(0.27 see.) with each hearlljeat. Tn snhject No. 13 similar observations 
were made on the eleventh and Iwelftli days of the e.xpcriment. e.g,. after 
inge.stion of 2.7 to 2.S gm. of digitalis. Tn this individual deep ant] slow 
breathing caused no respiratory arrliythmia. but the duration of P-Q 
varied vdth the respiratory pliase from 0.16 to 0.23 .sec. Tiiis variation 
disappeared when the sul)ject was made to .stop hreatliing; under these 
conditions a marked shortening of the P-Q interva.l was noticf'd (0.12 to 
0.14, sec.), the duration of the interval being .shorter thaTi at any other 
time during the whole experimental period (Table 11}. Iii subject No, 
15 a varying length of the P-Q interval was oliserved both heCorc and 
after the digitalis admini.stration : liiis individual had a definite respirn- 
tory arrliytlimia and a vo7-y low P, ; the pnl.se rate was 51 to 68. 

CTIAXGKS or THE pR-S COMF3.F.X 

According to Georgo})ouIus, the height of the initial eomt>le.xc.s in- 
croa.scs in normal individuals after digitalis adiiiinistralion. 

In the ]u-esent invo-sti gal ions no nolnblc clianges of the QHS complex 
wore observed. In three individuals the K^-wave from the scemsd to the 
fifth day following tlio digitalis ingestion was 0.1.5-0.2.5 mv. (,3-5 rmn.) 
lower than before the administration a?id long tiiue afterward. In two 
of these three subjects tb.e Ig.-wave at the .same time was .a litile higher. 
In subject No. 13, who had reccix-cd -3 gnu of digit. alls, the I?.- ami R.- 
-svaves, twenty-five days after the digitalis ingc.stior.. still were ficthsitcly 
lower limn L’cforo the ndministimtion : at tins time the observcitions were 
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discontinued, because of extco'nal causes. On the other hand, no cliainres 
in the height of the initial complexes ■were seen in subjects Nos. 14 and 
15, -^vho had likewise received 3 gin. of digitalis. 


CtlAXGES OF THE S-T INTERVAL 

Changes of the S-T interval appear to liave been only rarely the sub- 
ject of sxieeial consideration in tlie literature. Pardee*'" ohservcd dc- 
pres.sion of the S-T interval in oiglit individuals ])re.senling no evidence 


Taki.e II 


Tiic Length of the R-L,, P-Q,, and Q-T., Intervals in 14 (Suveessivo Ilejirtheats, in 
Two Individnals Pre.souling Prolonged Condtielion Titne Duo to Higiiaiir-nl ion. 
Under Ivormal Brcatliing and During Cessation of Ko.sjiiration 



INDIVIDUAI. NO. 2 



ixmvimavE no. 13 


BF.AT 

NO. 

rRECKDING 

R-R, 

INTERNAL 

(SEC.) 

P-Q, 

(SEC.) 

Q-T. 

(SE<-:) 

BEAT 

NO. 

PRECEDING 

n-iL 

JNTERYAI. 

fSEC.) 

P-Q, 

(.SEC.) 

Q T, 
(.SEC.' 




X nr ma 1 L'tspirn lion 




1 

1.17 

0.22 

o..no 

1 

- 

0.21 

0.44 

2 

O.SS 

0.25 

{I.n5 


1.74 

n.23 

0.43 

3 

0.90 

0.28 

o.n.-)5 


1.78 

0.17 

0.45 

4 

1 .40;') 

0.215 

0..’Ui 

4 

1.7S 

0.10 

0.45 

5 

i.ens 

0.215 

o.no 

5 

1.77 

o.is 

0.4! 

() 

O.SS 

0.25 

0..'?0 

a 

1.70 

0.20 

0.45 

7 

0.925 

0.28 

- 

i 

1.70 

0.23 

0.45 

S 

1.40 

0.215 

o.;!0 

s 

1.75 

0.22 

0.41 




Crrsalion of 

lii’.spiration 



9 

1.105 

0.24 

o.no 

9 

1.79 

0.10 

0..|.> 

10 

0.94 

0.27 

O.n.55 

10 

1.8.3 

0,15 

0.4.5 

-Lt 

1.075 

0.27 

0.355 

11 

1.82 

0.13 

0.4.5 

12 

1.105 

0.20 

o.no 

12 

1.78 

0.14 

0.44 

in 

1.015 

0.27 

0.35 

13 

1.7a 

0.14 

0.40 

14 

0.90 

0.27 

0.35 

14 

1.7.5 

0.12 

0.4.5 

of lioart 

disease. 

and Pontier and 

Pinhlu’'’’ 

ohsci’ved 

cliange.s 

in eight 


out of twelve normal jier.sons: the nature of the.se cluinge.s is. however. 


not specified. 

In the present .study tlic changes in the f?-T interval were found to 
be closely connected with clianges in the height of tlie T-wtive. .X.s v.'i)l 
be seen from Table T, the S-T, and S-T„ line.s in most of llie cas.vs ex- 
amined were a little ahove tlie isoelectric line before th.c digit.alis admin- 
istration and after the inge.stion n.su.'diy approaolied or reached tln'.s 
line. Only in two instances did the .S-T Htie desctaid l)elow the iso- 
electric line, in one of the ea.ses in both Load I .and L<.ad IP in the 
other ca.se in Lead II only: in both the case.s tlie S-T line was i.sr,i'h.ctrie 
before the digitalis ingestion. In those instaiH’Cs wdua’c no ehmig?- w.as 
observed in (he S-T interval no <‘hanges were .seen eit!e*r in the cor- 
responding T-\vnvt‘S, This oecurre-d four times in L-e.ad I and oneo in 
TiCad II. 
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CHANGES OF THE T-WATO 

Although the statements in the literature concerning the effect of 
digitalis administration on the shape of the T-wave in normal subjects 
on the whole are in good agreement, all possible variations have been 
reported. Thus Nicolai and Simons^^ found lower in one and iiigher 
in four normal individuals after administration of 1.5 gm. of digitahs 
diu’ing a period of five days. Samet and Tezner"^ in their observations 
on children occasionally found the T-wave unchanged or higher, al- 
though there were clinical symptoms of intoxication present. Some of 
the cliildren were stated to be in good health, whereas others had just 
recovered from pneumonia. Brams and Gaberman^ gave digifolin 
intravenously to nine healthy individuals imtil tlie appearance of sjunp- 
toms of intoxication. In four cases the T-waves remained unchanged, in 
five eases the waves became 1 to 3 mm. lower, but these moderate 
ciianges were interpreted by the authors as being due to extracardial 
conditions, for instance, changes of position. Several investigators ob- 
served flattening of the T-waves in most of the persons examined 
(White and Sattler,^® Kalilson,^* Grunbaum”). Others have noticed 
even greater changes. Both Colm'^ and Pardee^® found inversion of the 
T-waves in normal individuals following digitalis administration, but 
their publications contain no information eoneeming the number of 
cases in which this change was observed, nor is it reported wliether the 
individuals showed any signs of intoxication. The dose of digitalis used 
bj' Cohn was 2 to 3 gm. of digitalis leaves, given in the course of five 
to seven days, whereas Pardee gave 1 minim by mouth of digitalis 
tincture per pound of body weight (1.25 c.c. = 1 cat unit). Jlarvin, 
Pastor, and CaiTnichacP® gave preopei’atively to thirty patients during 
two to three days a total of 1.5 gm. of digitalis leaves per 45 Irilogi’ams 
of body weight, and in twenty-nine of these cases obseiwed “a char- 
acteristic inversion of the T-wave or of the S-T interval ; onlj- fi\e of 
the thii’ty patients suffered from unquestionable heart diseases. Poutier 
and Puddu^® found inversion of the T-wave in six out of twehe norma 
subjects following the daily intravenous administration of 0.0002 gm. 
digitaline cristallisee for five or ten days. Finally Stewart and Cohn, 
Griinbaum,"^ Cheer and Dieuaide^ each observed one case of inversion 
of the T-waves. In some of these cases the subjects had been digitalize 
until the occurrence of sjnnptoms of intoxication. 

In the pi'esent investigations changes in the shape of the l-va^es 
were found in fourteen of the fifteen individuals studied (Table I). 

In Lead I the T-wave was foxmd unchanged in six cases and lower m 
nine cases, in one of these diphasic. 

In Lead II the T-wave was found unchanged in two cases and lower 
in thirteen cases. 
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In X/e«Tcl III t.]ie T-Avave Avas found iiiicliangcd in three eases ; in scA^en 
cases a positiA^e became loAA'cr, but remained positive; in tlircc eases 
a positiAC T 3 became diphasic, and in one case ncgatiA'c. F’inally in one 
case an original di])hasic T.j became practicalJy negative during the 
influence of the digitalis. 

It should be mentioned that tiie T-avoa’cs have been classifled as loAver . 
only in those cases in AA'hieli on measurement a reduction of at least 0.1 
niA'. AAms found as compared A\ntli the aA'cragc height before, the digitalis 
administration: in the electrocardiograms talcen before the inge.stion, 
the A’ariations in the height of the T-AA'avos Averc ahvay.s less Ilian 0.1 
niA'. Tlic T-AA'aA'cs Avere found I’cduccd to 33 to 07 per cent of their 
original height, or a reduction of 0.1 to 0.2.5 niA'., corre.sponding to a 
2 to 5 mm. reduction in the electrocardiogram, a change Avhieli is easily 
perceptible Avitli the naked eye. 


GHANGE.S IN THE LENGTH OF THE Q-T INTERA'AL 

In later years several Cliiue.se iiiA'estigator.s (Cheer and Diciiaidcy 
Dieuaide, Tung and Bien,' A-an Dyke and Li,^) haA-e studied the length 
of the Q-T intorvnJ under A'arious conditions. They haA-e employed ilic 
equation of Bazettd according to Avhich Q~T — K \' B-Ti. Cliangos in 
the length of the Q-T interval Avhich are caused by changes in the pulse 
rate Avill be expre.sscd as A'ariations of the constant. K, After adminis- 
tration of digitalis to thirteen normal individuals, the.se iin-esti gators in 
all instances observed a .shortening of the Q-T iuterA'al. 

In the present iiiA'cstigat ions a relatiA'c shortening of the Q-T interA'al 
AA'as found in all the cases studied (Table T). 

According to Fridericia- there exists in normal individuals the. follmv- 
ing relationship betAA’cen the length of tlic Q-T interA'al and the piil.se 
rate: Q-T — 8.32 A" B-]f. Our measui'cment.'^ .‘;hoAv a very good agree- 
ment AAMtli this equation, the length of the Q-T interA'al in fourteen of 
the individuals before the digitalis administration being .97-104.5 per 
cent of the amIuc calculated from the equation, whereas in subjee? No. 
8 an interval aatis found equaling 93 ])er cent of the calculated value, 
mile the digifali.s influence was at its maximum the Q-T interval Ava.s 
reduced to only S7-9S per cent of the calculated value, all the individ- 
uals.as seen from Table 1. presenting a relative .shortening amounting 
to 4.0 to .14 ])er cent. This shortening bore no relation to the decree of 
flattening of the T-Avavc,s. 

.It AAull be noticed that only th.ree of the ijidividuals studied preserJod 
a shortening of or exceeding 0.04:> sec, in rele.fion to the waiue ca.lcubiteu 
from the equation. Ae(‘m'd?ng I'riderici.a. the deviation nnist exceed 
0.045 see. to be ehissified as abnonual. However, il;e oh.<erA-ed digitalis 
effect appears nnque.stionable as it Acas found in ail tlie individuals in 
d serie.s-of eleelrocardiognims taken shortly after tin.', digitalis udnuiils- 
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tration, whereas the changes were not present in tlie electrocardiograms 
obtained before, or a long time after, the administration. TJie o?)serv- 
ance by "White and Mndd’'* of a similar strictne.ss in the requirements as 
those laid down by Friderieia explains the statement of these aulliors 
of having observed no shortening of the Q-T interval after adminislra- 
^ tion to normal individuals of 2 to 3 gm. of digitalis leaves, a dose which 
caused moderate symptoms of intoxication. By looking over their figures 
it will be seen, however, that a relative shortening of the Q-T interval 
took place in four of the five individuals studied, the reduction ranging 
from 3 to 6.5 per cent. 

CHANGES OF THE HEART RATE 

According to Pardee,^-'’ changes in the pulse rate are observed ]e.ss 
frequently than changes in the .shape of the T-waves. Nevei-tlicless, 
several investigators, including Stewart and Cohn,’® Brams and 6a1)er- 
man,® Rotitier and Puddu,’” claim to have observed a .slower pulse rate 
in nearly all the individuals studied. On the other hand White and 
Sattler^” noticed a slower pulse in only four out of ten healthy young 
men, and McCulloch and Rupe*’ found a reduction of the pulse rate 
amounting to 15 beats or more per minute in only nine of thirty-six 
children who presented no evidence of heart disease. 

In the present investigations the heart rate was found to decrease by 
5 beats or more per minute in nine out of fifteen subjects studied. In 
six of the nine cases tlie reduction valued 1 0 beats or more per minute, 
the decreases being calculated as the diffei’ences between tlie minimum 
values before and after digitalis administration. 

CHANGE.S OF RHYTHAI 

The occurrence of arrhj’thmia in normal individuals following digi- 
talis administration appears to be infrequent. The occurrence of 2-to-l 
block in the case observed by Brams and Gabennan^ was followed by 
transitory auricular fibrillation. A case of paroxysmal auricular fibril- 
lation in a child is reported by Samet and Tezner.”' 

As mentioned above, one of the .subjects -studied during the present 
inve.stigations had a marked respii’atory arrhjThmia following the digi- 
talis administration. Other types of arrhythmia were not observed. 

TIME OF APPEARANCE AND DURATION OF THE CHANGES 

The duration of the eieeti'oeairliographie changes following digitalis 
administration appears to be of special interest. According to Cohn,’ 
the T-waves had returned to normal from five to twenty-two days after 
the digitalis ingestion. In the cases ohserved by White and Sattler,'” 
the changes lasted for ten to nineteen days. However, in most of 
Griinbaum ’s eases” the changes ijersi.sted for a few days only, although 
in one case with inversion of the T-waves they lasted for thirty days. 
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According to Cheer and Dionaidc,“ llie sliorfcning of tiie Q-T interval 
appears simnlianeonsly witii llio flallcning of llie 7Avavc.s })iit au'nm 
disappears before tlie T-waves regain tlieir initial lieigl)!. 

Of the ten subjects irlio received 1 gni. of (ligititlis ns a single dose 
tlirec persons presented clianges of tlie Q-T interval within two hours 
after the digitalis administration; in four the clianges appeared niter 
four hours, in two eases, after eight hours, and in one ease, not until 
twenty-four hours after the ingestion. The maximum ehainre was ob- 
served from twenty-four to seventy-tAvo hours after the digitalis ad- 
ministration; the length of tlie Q-T interval was returned to norma! 
after five to twenty-nine days. 

In the two individuals receiving 1.-1 gm. of digitalis in fractional 
doses, the change in the lenglli of the Q-T interval aiijiearcd twenty- 
four and thirty-three hours after the fir.st admini.stration and was at 
its maximum from the second to the sixth day. The length of the Q-T 
interval Avas returned to normal tA\-enty-two and ten days after the 
digitalis inge.stion liad been discontinued. 

Ill the three individuals receiving 3 gm. of digitalis the first electro- 
cardiogram after the digitalis administration Avns obtained twenty-four 
hours after the first dose had been giA-en. At fliis time the Q-T interval 
AA'as found shortened in all the thri'c enses. Tlie maximum sliorfening- 
A\*as observed four days after the first ingestion and jiei'sisted during 
the AA’bole period of digitalis administration. In No. 13 the Q-T interval 
AATis returned to its normal length tAAauity-fiA'e days after the la.st dose, 
and in No. 14 after thirty days. Avhereas in No. In the .shortening Avas 
still present thirty days after the la.st administration, at which time the 
observation Avas discontinued due to external conditions. 


The fiattoning of the T-waAVs was frequently found to occur simul- 
taneously Avith the shortening of tlie Q-T interval, but uiiglit appear a 
little earlier or later. In some instances the Iieiglit of the T-waves re- 
turned to normal .slightly before the Q-T interA*al had regained its nor- 
mal length, in otlier eases these changc.s loolc jilaec .simultaneoii.sly, and 
in still other en.ses the T-AA-aAvs remained liattened aftei' the Q-T interval 
had again become norma). In one individual, who bad received 3 em. 
of digitalis, a marked fiattoning ttf the T-Avaves still pci-si.sted tv.vnty- 
tivo days after the digitalis administration, at Avliich tium the observa- 
tions Averc di.seoiitiuued. -Viter tiie inge.stion of 1 gm. of digitalis the 
fialtcning of the T-Avaves lasted for twenty-one days at the most. 

Concerning the time <'f appenranee of the othf*r clianges it can he 
slated that the ehanges in tiie B-T interval usually neenrred sinuil- 
taneously Avith the ehanges in the T-Av.aves. Jb'ducfion of tlie pulse a-afe 
and changes iu the leiigtli oi the C-Q itdei’Anl Avere olKcn'ed snunl- 
tnneou.sly Av.it h the maximum reduction of the heigh* of thr- T-Avav^-s; 
tliese ehanges jiersisted. hoAvcA-er, for a sliortor pc-riod tlmn tiie tlatten- 
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ing of the T-waves. In the two instances where an increase of the length 
of the P-Q interval was found, vaiying ivith the respiratory phase, this 
change persisted for only five and two days, respectively. 

SYJn>TO]MS OF INTOXICATION 

Pour of the subjects studied presented slight symptoms of intoxica- 
tion. Thus No. 3 and No. 15 claimed slight dyspnea on exertion eight 
to ten hours after intake of 1 and 1.4 gm. of digitalis, respectively. 
No. 6, ten hours after the ingestion of 1 gm. of digitalis, experienced 
slight nausea and dizziness. No, 13, after receiving approximately 2 
gm. of digitalis through a period of five days, suffered slight nausea 
and palpitations during the successive four to five days; these symp- 
toms occurred three to four hours after the ingestion of a daily dose 
of 0.1 gm. of digitalis and usually lasted for about half an hour. No 
special changes were observed in the electrocardiogram at the time of 
appearance of these symptoms. 

DISCUSSION 

In all the subjects studied a relative shortening of the Q-T interval 
was observed after digitalis administration. Only a few investigators 
have measured this interval, but they all have noticed this shortening; 
only in one of the five individuals studied by Wliite and Uludd no reduc- 
tion of the length of the Q-T interval was seen following digitalis ad- 
ministration. It must therefore be considered as established that digi- 
talis produces a shortening of the sj^stole as compared ivith the pulse 
period. This fact is in agreement with the demonstration by "Wiggers 
and Stimson®^ of a shortening of the sj'-stole foUovung strophanthin 
administration to vagotomized dogs, whose heart rate was kept constant 
through electric stimulation of the atrium. 

In regard to the changes in the height of the T-waves, the results of 
some investigators are not in agreement with our observations. The 
finding by Nicolai and Simon“ of higher T-waves in normal individ- 
uals foUoiving digitalis administration appears to be exceptional. How- 
ever, consideration should be made of the fact that this publication 
dates from 1909, e.g,, from the earliest days of electrocardiographj', 
and that no information is given concei-ning the electrocai’diographic 
technic, particularly the .standardization of the electrocardiograms. It 
therefore appears possible that this exceptional finding may be ex- 
plained by a deficient teclmic. Several inve.stigators have observed more 
marked changes of the T-waves (inversion) than was found in the pres- 
ent study, although the doses of digitalis given were of the same size 
and the way of administration similar, large single doses being given. 
However, the clinical data for the individuals studied are scarce. In 
the group of subjects examined by Marvin, Pastox*, and CarmichaeP“ 
patients of all age groups, suffering from diseases nece.ssitating major 
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operations, Avere included, most of the indh'idiials, however, present- 
ing no signs of heart disease. Tlic other authors merely state that the 
subjects suftered from no diseases of the circulatory .system, but no 
information is given concerning the age of the indiAuduals, In con- 
trast to this all the individuals .studied in the present investigations 
Avere young and healthy. 

The other changes in tlie electrocardiogram obscrA'cd during the pre.s- 
ent studies Avere found in a fcAv indiAnduals only. Our observations 
therefore permit the conclusion that different individuals may behave 
differently toAvard the same dose of digitalis. 

The electrocardiographic changes Avere found to persist up to a pe- 
riod of about one month, a fact AAiiieh must be considered in interpreta- 
tion of electrocardiograms from patients avIio haA*e rcceiA-ed digitalis. 


SmiAIARY 


1. Electrocardiograms Averc obtained in fifteen yoimg, healthy indi- 
viduals folloAving the administration of a tlierapcutic dose of digitalis. 

, 2. In all the individuals studied, a relative shortening of the Q-T 
interval Avas found. 

3. In fourteen of the fifteen individuals studied, the T-waves became 
low'd* in one or more leads, but in one ca.se remained unchanged. 

4. Tlie heart rate became .sloAver in nine of the fifteen eases. 

5. In four cases the conduction time increased. In Iavo of these cases 
the P-Q interval Avas above 0.20 sec.; in both these instances the length 
of the interval varied Avith the respiratory ])]iase. 

6. Electrocardiographic changes Avcrc noticed, at the earliest, Iavo 
hours after the digitalis ingestion. 

7. The electrocardiographic changes pensisted for a period up to 
thirty days. 
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AURICULAR. FIBRUjLATION WITH COXGESTIYE FAHiURi: 
AND NO OTHER EWDENCE OF ORGANIC HEART DISEABE- 


I. C. Brill, SI.D. 

Portland, Oregon 

TN RECENT years it has liecome generally recogni/.ed that anrieiilar 
* fibrillation may occur in an ollieiavise normal liearl. Among llie more 
important publications relating to this proI.)Iem arc Ihose of Parkin- 
son and CampbellA Fowler and Baldridge,- Friedlandor and I.evine," 
and Orgain, Wolff and White.’ It is less commonly appreeiafed, how- 
ever, that auricular fibrillation, apart from any other disease of the 
heart, may cause severe congestive failure and that upon cessation 
of the arrhjdhmia, the congestive failure may he followed by <!omplete 
and lasting recovery. Such clinical occun'cnccs are admittedly un- 
common, yet their recognition is exceedingly important, since a prom})t 
diagnosis and immediate application of appropriate therapy make 
possible a favorable prognosis in what might otherwise ])rovc a 
serious and disabling illness. 

In view of the a1)ove considerations the following report is pre- 
sented. 

REPORT OP A CA.se 


Jlisfory. — A niroTied wotnan. agod fony iliroo roars, \va,« first so<'J! .Tiino 11, iPIt,!, 
On .Tune 1, she had oonsultod Iior Tamilv ph}-sician \vifh flie complaints of 

-chorfness of breath, waUnc.ss, and fuligue. Her father hud died of angina pectoris 
at sixty-three years, her mother, of breast cancer a.t fifty-seven years, and her 
brother, aged forty-six yetirs. -vvas living and well. In childhood she hu<l bad tnumj)-, 
measles, and ebiekenpox. She had also sufi'ered fro'pient sore throats, wluclt ceased 
after a tonsilleetoniy at the ago of fourteen years, f^he had never had rhetimutisni 
or chorea, but during the past fifteen years -'^be h:id hml several attacks of 
frottbJe,-’ and her ant runts tvere pun'^tiin'il ssver.'d times. Men.sjrnfitirm l>eg.'m .at 
thirteen years and had always been normal. 

She W'as married twenty-five years ago. Her husbemd, and tvro chsMrea aged 
twenty-three years and fifteen ye.ar.-:, n’spcetively, are living and well. There were 
no miscarriages. On several occasions during tlie past eight or ten year,-, site has 
con.sulfcd her family physician for the purpose of obtaiisiiig a diet to re, lace her 
weight. This was for purely esthetic roason.s. In fact, lier v.eight uas never ose-*-- 
sive, usttallv fluctuating l><’iween 3,‘>5 and 3-'0 jmand.'^. On one f>f tiiC'C o’.-ssji'tr- 
her basal metabolic rate was detormimt] and found to Ik* -T j:-er cc.nt. On t!;e 
udvicf! of her physk-ian .*-he «lid not diet )ievendy. nor i!id -she t.ulce thyroid rvtra.rf or 
any other reducing drug. Her urine and MochI pie-.-nre liave 1 kv:i sre- 

qnently, during her prognuneies and on oc'-asioas and h.rve 

been found normal. 

Her |>re,<ent illness is iraced back to abonr te.*' ndddlr- c-f .tananry, nyri, wr.ea 
she i-'uOered an attack of ‘".-inu.s tronld”,"' basting two to three w,-'rk5, Tio'r^-' was 


‘Eixuii Hi*’' Departm* of At«'dk-!ne. UnSvesTiiv ,’f Orcr-..n Xf-'-dics 

1 “."! 
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slight fever at the onset. During that illness sbe ivas under the care of an oto- 
larj-ngologist, who kept her at rest for two or three days and thereafter treated her at 
his office for about two weeks. Her antrums were washed several times during that 
period. In a comparatively short time she resumed her normal activities and con- 
sidered herself fairly well, but she noticed that she tired more easily than she had 
in the past. 

About the middle or the end of March, 1935, she began to experience some difficulty 
in going to sleep because of a peculiar uneasiness in her chest, of which she would 
become aware upon retiring. She often found it more comfortable sitting up in a 
chair than lying in bed. She attributed those sjTnptoms to “just nervousness” 
and continued a rather active social life for another two months; but about the 
middle of May, 1935, .she noticed that she was getting short of breath and that she 
ivas gaining weight. At first she gained about two pounds per week, but early in 
June, the gain in iveight became very' rapid, and on June 11, 1935, she weighed 
ICO pounds, shoTving an increase of 25 pounds in less than a month. 

Examination , — On June 11, 1935, physical examination revealed evident dyspnea 
at rest, moderate ankle edema, and signs of fluid in the pleural, pericardial and 
peritoneal cavities. The heart rate at the apex w'as ICO per minute; the rhythm was 



Fiff. 1. riff. 2. 


Fiff. 1. — Film taken June 8, 1935, .showing passive congestion and fluid in pleural 
cavities. The transverse diameter of cardiac shadow measures 1-1.4 cm. 

Fig. 2. — Film taken June 17, 1935, showing slight pa.ssive congestion. No sign 
of fluid in pleural cavities. The width of the cardiac shadow is now 13. C cm. 

grossly irregular, and there was a systolic apical murmur. An X-ray film of her chest 
(Pig. 1) taken on June 8, three days before this examination, reveals essentially' the 
same condition, though not so far advanced as the changes found June 11, 29o5. 

Diagnosis . — The existence of auricular fibrillation tvith congestii;’C failure nas 
obvious; but the underlying anatomical and physiological pathology remained ob- 
scure, since no clue to their identity could be discovered either in the history or 
by phy'sical examination. 

The patient was at her home at the time of this examination, and, since she had 
already received small doses of digjtalis during the preceding two or three days, it was 
thought best to complete the digitalization before removing her to the hospital for 
further observation. Adequate digitalization during the ensuing six days caused 
great diuresis, accompanied by a loss of 15 pounds in weight, and a reduction of the 
pulse rate to 85 per minute. The patient’s condition improved greatly, and on 
June 17, 1935, she was removed to St. Vincent’s Hospital. An x-r,ay film of her 
chest (Fig. 2) taken on that day confirmed the clinical eridence of the disappear- 
ance of the pleural and pericardial effusions and the marked reduction in pa.s-.ife 



BRIX/L: AUniCUBAR FIBRILLATIOX WITII CONGESTIVE FAILURE J 77 


congestion. An eleetrocanliogr.'im (I'ig. 3) made the same day sliowcd t!ic presence 
of auricular fibrillation, but except for the digitalis effect the ventricular complexes 
were normal. Her teniperaturo and rc.?pir.a lions were normal. 

Lahoratory Findings.— Tho. basal metabolic rate (June IS) was 4 2 per cent. 
The urine, blood count, Kahn and Kolinor reactions were all normal. 

Trcaimmt . — On .Tune IS, 1033, at 2:00 P.sr., the patient was gi%'en a ‘ Oe.sf dose 
of 0.2 gm. (3 grains) of quinidine .sulphate. TVlicn examined two hours later, the 
heart was found beating at a rate of fiO per minute, and (he rhythm wa.« entirely 
normal. 

The following day the electrocardiogram (Fig. -i) confirmed the presence of sinus 
rhj'thm, and, but for slight digitalis effect, no de^dation from the. nnnmil w.a.s indi- 




ilA 






l-d;!. 3.— Eloclrocaraiofrrniri taken Juno IT. 1?35. stiowlnp auricular UhriUntlen and 
.«i}ino eviilenoo of dipitnlis ciTcct. Ventricular rate. IJO. 

Kip. .j.— Kl..t‘trocardio!rra!i! taken .Tune 13. 133.T. simwinsr sinus' riivHm) and i-unc 
evidence of diKlt.alis effect. Ventricuinr rate, T.'. 

Ki}:. - r,._ pj, (.nrd!opT.n in taken -lulv IL I33,T, .‘■■howij.t:_porm'=.i tracinc -rKsf-pt 
for inverted F'W.avc.*; in II and HI. \ entrieuler rate, Tc. 

cutt'd. Tilt! same dav the patient was sent home with in.-tnictions to tah*' qtjtniiHf:-'. 
grain U. three time.' daily, for two days. The.-x'.after all tr.edicatioa v,ms .stoppA, 
and recovery was rapid atid uuinterrup'od. 
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(Fig. 5) -(vas normal except for inverted P-wavcs in Leads 
tion has never recurred and was not considered significant 
Tile digitalis effect had disappeared. 


H and nr. This altera- 
of any structural cliange. 



Fig. Film taken April 
size, shape, and 


14, 19.1G, showing no pa.ssive congestion, and heart normal in 
position. Width of cardiac shadow is now 12 cm. 



Fig. 7. — Electrocardiogram taken April 14, 
ular rate, GO. 

Fig. S . — Electrocardiogram taken April 29, 
ular rate, GO. 


193G, showing normal tracing. 
193G, showing normal tracing. 


VentrJc- 

Vcntric- 


From that day to the pre.sent (more than one year since all treatment was dis- 
continued) the patient has lived an active life, involving the care of a home and 
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large social responsibilities, with no disconifort wiialsoever. Her lioine is located on 
a MU, and she negotiates the climb without any difriciiliy. Kepeated radiological 
and elcctrocardiograidiic extirninations of her heart (Figs, d. 7^ S'j reveal normal 
findings. To ordinary physical examination and the usual tests for functional 
capacit\', such as exercise and vital capacity determination, she always responds in 
a normal manner. 

mscusslox 

Auricular fibrillation is usually classified as persistent (or pernin- 
ueut) and paroxysmal (or transient). The former variety is regarded 
as the more serious and is more likely to be associated with grave 
organic lieart disease. ('.lliiHeally, llie distinction between the two is 
based on the duration of the attack. Priedlandcr ami Levine^ regard 
an attack of fibrillation as persistent if it lasts longer than seven 
days, for it is assumed that if an attack lasts longei- tlian seven days 
it is not likely to cease spontaneonsly. Parkinson and ('amphell' in 
a series of 200 cases of paroxysmal fibrillation found that in only 
eight patients (4 per cent) one of tin; tyjiical recurrent paroxysms 
lasted more than four days, and in only six of these were there a.ttueks 
wliieh lasted longer Iban one week. It seems, therefore, fair to classify 
the attack of fibrillation described aliove as belonging to tlie ])er.sistent 
Amrietyj for it is definitely known tliat Die heart, was filn’illating on 
June 1, 1935, and from the available history, it appears higlily proh- 
able that the attack began sometime in Unreh, 1935. 

The matter of etiology iiresents a more difiieull ]>rohlem. Altiiough 
it is now well known that fibrillation of cither variety may occur in 
an otherwise normal heart, llie development in this ease 01 severe eoii- 
gestive failure makes it neee.ssary to consider every factor which is 
known to play a part in tiie genesis of this arrhythmia, (.’linieal ami 
pathological studios by Frothingham/’ Yater/’ Cookson.' Drown. 
Evans,'-’ and others demonstrate that, wliile anricular fibrillation is not 
neeompanied by .sjiecifie or uniform palbologieal lesions, elinieally the 
arrhytlnnia is most commonly as.sociated witli rhonmalic valvular dis- 
ease (especially mitral stenosis), hyjiertensive disease, and thyrotoxi- 
cosis. Peripheral arterioselerosis and .syphilis are much less important, 
factors, and .still less significant is coronary disease. An exception to 
the latter ob.servation is the fairly common oceurrcncc (>f transient 
fibrillation during the early course of a<‘Ute coronary ticelnsion 
(Levine’®). 

A eareful study of the case record under discussion furnishes con- 
vincing ju'oof that the various clinicopathologieal Cfimlitions listed 
nimvo. with whi<‘h fibrillation is commonly assoeinted. :»•(' mu present 
in Ihi.s instance. On tlio contrary, tlie evidence. tircsejUtel iemls to 
establish the fact that apart trom the fibnllalTi.'n episode the J-eart in 
this ease is apparently normal, 'fins fact in bself is vol nnnsiml, siis-e, 
as was shown by Parkinson and Campben.’ lYiedlareler ami LeviKC." 
and Orgain. \VohT and White.* between U and 15 per c-ent of all e-asr.?- 
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of fibiillation are associated Avitli hearts wMcli are normal apart 
from^ the fibrillation. However, the extraordinary circumstance in 
this instance is the development of severe congestive failure, which is 
ordinarily regarded as indicative of grave organic heart disease. A 
comprehensive review of the literature yielded but one example com- 
parable to this case. The instance referred to is that of Case 186 re- 
ported by Parldnson and Campbell.^ Their patient was a man who 

had tonsillitis as a child, but never acute rheumatism, or any serious 
illness. When twenty-three (1912) he awoke one morning with severe 
palpitation, breathlessness, and weakness. His doctor found nothing 
abnormal except the rapid irregular i^ulse, ■\^-hieh he attributed to the 
strain of hunting, and kept him in bed for a month though the pulse 
was regular after two da3"s. Prom 1918 tol918 he had only five more 
attacks, each lasting for some hours, and he was able to serve as a 
combatant officer in Prance. He remained well enough to lead a 
normal life until 1920 when fibrillation started again as he was run- 
ning upstairs. A week later an EC showed fibrillation, with a ven- 
tricular rate of about 100. Pibrillation persisted, but there were no 
signs of failure, and he was able to get about with few restrictions. 
In 1922, after three days’ fever (influenza?), he became very ill witli 
heart failure. Tlie ventricular rate was 180; he had CJie.vne-Stoke.s 
breathing and seemed to be dying. With intravenous .strophanthin he 
gi’adually improved and left his bed three weeks later. He continued 
to take digitalis, but was more or less an invalid, ha\'ing to give up all 
sports. In 1925, in the fifth 3-ear of pei'sisteiit fibrillation, he was 
treated Avith quinidine by Dr. Cotton and his heart became regular on 
the sixth da3’'. In 1930, after another five ymars of normal rhythm, he 
Avrote: ‘I Avas soon able to resume m3' normal activities, and haA-e 
continued hunting and pla3dng tennis, hockey, and polo matches Avith- 
out any trouble whatever.’ His present capacit3' for exertion and the 
absence of signs demonstrate that his heart is sound functionallA' ; no 
doubt his dangerous illness in 1922 Avas due to a temporary general 
infection, but Iris condition at other times from 1920 to 1925 shoAv.s 
hoAv much disability may be produced b3' fibrillation, apart from an3' 
other disease of the heart.” 

The significant point in this remarkable story is the fact that al- 
though he continued to take digitalis, this patient Avas praeiically- 
an inA'alid for fiA-e years (from 1920 to 1925). But by means of quini- 
dine, even after Aa'c years of persistent fibrillation, he Avas restored to 
apparently perfect health. 

It seems quite probable that our patient, had she been treated AA-ith 
digitalis alone, might also have remained chronicallA' incapacitated. 
Friedlander and LcAune^ have pointed out that in establi.shed fibrilla- 
tion digitalis is praetieallA’- ncA'er effeetiA-e in restoring normal rliA-thm. 
There appears to be little reason to doubt that the small quantit3' of 



BRILL; AURICULAR FIRRII.I.ATIOX WITH CON'CESTIVE FAH.irRC 1hl 

quiiiidine administered 1o lids patient was the remedhm magrixm in 
tliis case. This is ■worth emphasizing, since qiiinidinc is considered 
(and rightly so) as being contraindicated, or at least without signifi- 
cant benefit, in the presence of serious organic heart disease (ivonn 
and Levine^^) ; and congestive failure is usually regarded as signifyinjr 
the presence, of such cardiac pathology. The experience with this case 
illustrates the importance of seeking to e.stablish in patients with 
fibrillation the presence or absence of organic Iieart disease, and of 
Ijearing in mind that congestive failure of even severe degree may 
develop in either instance and must not be regarded of itsedf as ncces- 
sai’ily indicative of organic or structural eliangc. 

The onset of the arrhythmia in this ease miglit have lieen related 
to the ‘'sinus trouble” suffered by the patient in January, 1935. There 
was “slight fever” a.s.sociatcd with tliat attack, ami the patient fre- 
quently remarked that she had never felt quite well since that illne.ss. 
‘.‘Infection” and “toxic” conditions were thought by Parkinson and 
CamphelP to have been possible etiological factors in 12 of ilicir 30 
patients Avitb, fibrillation and otherwi.se normal lieart.s. In tlie remain- 
ing 18 patients, there was no aiiparent cause. In a similar group of 
35 patients studied by Fricdlaiidcr and Levine" ga.strointestinal di.s- 
tnrbnnees. alcohol, and ujiper re.spiralory infections were deemed the 
inciting factors in 15 cases, but no ascribablo cause was diseernilde in 
the remaining 20 piitient.s. In the 49 ca.scs re]>orted by Orgain. WoKT. 
and While,-’ the onset of tlie arrliytlunia in .some of the patient.s ap- 
peared to “be related to pneumonia, malarial clnll. pelvic absee.ss. alco- 
hol, ether, burns, gallbladder colic, vomiting, .surgical operation, exer- 
lion, and emotion.” However, in many of the eases there were no 
definite etiological factors. 

The rapid response of our patient to the single du.se of 0.2 gin. of 
qiiinidiiie is not witlioul e.xample. Kohn and Levine” have pointed 
out that there was no constant ratio between the duration of the 
arrhythmia, the clinical condition of tlie patient, and the amount of 
qninidinc necessary to produce a normal rhytlim. Tliey found 0.2 gim 
of quinidine sirfhcient in one patient with moderate cardiac enlaruc- 
mont- and eongestivo failure, in wliom fibrillation was ]m*.}V.'n lO h^i^ c 
existed for two and one-half montlis. In anotlicr ]mtienl whose ar- 
rhythmia wa.s of but a few days’ duration 10..5 gm. of the drug were 
required to rc.store normal rhythm. 

PROGNOSIS 

The outlook in patient.s with filirillation witlmut other evideni-c of 
heart disease apjwars quite favorable. Tlie mortality fri»m the ar- 
rhythmia or from subseiiiiontiy tleveloping enrdiru- diK.-ase, is negli- 
gible,’ ’Phis is in striking conirasf to the giuve prOLmosis hf-M by 
patients with fihrination and advanced organic hear: dise.as*- 


The 
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average duration of life in the latter is from two and one-half to 
seven years (Cookson' and Stroud, I^aplace, and Reisinger^^), It 
should he noted, however, that this grave outloolt; is governed chiefly 
hy the underlying cardiovascular disease and is- perhaps only slightly 
augmented hy the presence of the arrhythmia. 

SUJIJtARY 

The report of a case is presented, Avith evidence tending to prove 
that auricular fibrillation in an otherndse normal heart may of itself 
cause seAmre congesthm failiu'e. Diagnosis, treatment and prognosis 
are discussed. 
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THE USB OP CH15ST LEAHS IN CLINICAL 
ELECTROCAEDIOC4EAPHY 

I. Normal Variations^ 


Eliot Sorsky, j\r,D.,t Fresno, Calh’. 


AND 


Paul Vood, j\r.B.(M]a.R.)j M.R.C.P. (London),! London, England 


TN 1932 WoHcrtli and Wood’* - reini rodiiced chest leads as an ad- 
junct to tlie three standard leads in clinical clcetrocardiographv. 
They claimed that additional information conld thereby bo gained 
in certain cases. In America and on the continent this rcAdval was 
followed bji* many enthnsiastie reports, some of which have been 
sharply criticized by Roth’’ in a recent review of the subject. There 
is still lack of agreement as to which chest leads yield tlie mo.st in- 
formation, as to the limits of normal variation of electrocardiograms 
obtained Avith these leads, and indeed as to the value of chest leads 
at all. It Avas Avith the hope of clarifying lhe.se three points that the 
present Avork A\-as undertaken. 


It has been .shoAvn'*’ ” that, Avhen one elcclrode (the ex]')h)ring elec- 
trode) is applied over the anterior cliest Avail in the region overlying 
the heart,, differences of electrical potential arising Avithin the heart 
may be recorded, AA’hicli differences arc })nt lit lie intlucnccd by tije 
position of the other electrode (the indifferent electrode). Wolferth 
and Wood’’ originally placed their cx})}oring electrode over the. apex 
beat, and their indifferent electrode over the po.sterior chest w.nll 
medial to the angle of the left scapula. They called this Lead IV. 
In Lead V they shifted the indifferent electrode to the left kg. Sub- 
sequent invo.stigntoi*s linvc noted no important differenees betAvecn 
those tAvo leads, and Lend V has the advantage, of greater simplicity. 
Different electrocardiograms are obtained, boAvever, if the exploring 
electrode i.s shifted to the right of the apex beat, and avc therefore 
decided to confine onr attention to the exploring electrode, fixing the 
indifferent electrode to the left leg or to the right arm. 


The proeodnre A\'as simple. After recording the three .‘itandarcl 
leads, the loft arm electrode avus transferred to the apex beat and 
AA'as coupled first AA'ilh the right arm and tiicn Avith the left leg. The 
exploring electrode Avas then moved to a point minAvay betAveeu the 
apex beat and tbc midline at the level of the knrtii intercostal space 
and subsequently over tlie right border of the sternuto. at t.lie same 

‘lO'iin'i Iho TV'pnrtssiont of XI oUrl !:•■'. I'rjUO!. AV'tS'.-ii S-'-iC-''', H.-r::- 

!i!<'wniUh 

tJ-XoiK Fr^'-siio County Ili'.'.pitril. 

As.«istiii!t, KritiCj ro?t 5 ;rs‘Uj-it.- MVAkwl Sely-.e. H.'out'.-y-r,. 1!..- 
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level, on each occasion being coupled first Avith the right arm and 
then with the left leg. Thus nine leads Avere employed Avith each 
subject, three standard leads and six chest leads. 

In a later paper the clinical value of each of these leads Avill be 
discussed on the basis of a series of pathological subjects; the present 
report deals only Avith the presentation of the limits of normal varia- 
tion of electrocardiograms obtained Avith these leads’ in 150 normal 
indhdduals. 

Small silver electrodes, measuring 2 by li/^ inches, Avere used, and 
skin resistance Avas reduced by means of a special paste. All records 
AAmre obtained AAdth the Standard Cambridge Electrocardiograph, the 
subjects being placed in the recumbent position, and the usual .stand- 
ard calibration being employed. 

Table I 


Analysis of 114 Normal Controls — Standard Leads 


lead 

P-AV 

2 

H w 

5 

DURATION n 
(SEC.) 

P-B 

(SEC.) 
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« D w 
a 

rr , 

1 b? 

fH W 

< O 

gj W 

D W 

xn 

Lead 1 










Average 

0.9 

0.075 

0.15 

1.0 

0.8 

2.5 

0.07 

2.8 

0.28 

Maximum 

2.0 

0.1 

0.21 

3.0 

17.0 

7.0 

0.09 

4.0 

0.3B 

Minimum 

0.3 

— 

0.10 

0.5 

2.0 

0.5 

0.04 

1.0 

0.20 

Absent 

2 
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Lead II 










Average 

1.3 

0.08 

0.16 

1.1 

11.5 

2.5 

0.075 

3.3 

0.29 

Maximum 

3.0 

0.10 

0.22 

2.5 

22.0 

10.0 

0.10 

8.5 

0.37 

Minimum 

0.5 

— 

0.12 

0.4 

4.0 

0.5 

0.05 

1.0 

0.24 

Absent 

4 
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16 




Lead III 










Average 

+0.8 

0.07 

0.155 

2.1 

7.4 

2.2 

0.07 

+1.3 

0.28 


-0.6 







-1.1 


Maximiun 

+1.5 

0.09 

0.22 

2.5 

18.0 

6.0 

0.10 

+3.0 

0.33 


-1.0 







-2.0 


Minimum 


0.10 

— 

0.5 

1.5 

0.5 

0.04 

— 

0.22 

Absent 




59 

1 

48 





In Lead III: 

Tositive 

Negative ’Diphasic Isoelectric 


P-wave 


71 

12 

7 

24 


T-wave 


77 

15 

1 

21 


RESULTS 

The iiiA'cstigation Avas carried out upon 150 noi’mal subjects I'ang- 
ing in age betAveen five and scAmnty years, there being 100 children 
under sixteen jmars of age and 50 adults. There wevc 129 males and 
21 females. The electrocardiograms obtained Avith the .standard leads 
AAmre AV'ithin the accepted limits of normal Amriation. LlcA’cn showed 
slight axis dcA'iation, ten left and one right. Slight slurring or notch- 
ing of QKS Avas common at the base and in the lead of lowest voltage, 
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Tablk n 


Analysis of Cukst Leads Fuom 11-1 Xoumat- St-n.nxTS 
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but occurred only ouce at or near the apex of the maximum QRS 
deflection. M or W complexes were seen 16 times in Lead III but 
did not occur in other leads. A more exact analysis of 114 of the 
cases is presented in Table I. 

An analysis of the records obtained with the six chest leads upon 
the same 114 cases is presented in Table II. No electrocardiograms 
were rejected because their deflections failed to fall within the limits 
of normal as given by other authors.^* 

We agree with these authors that for the apex-left leg lead (the 
electrodes being arranged so that relative negativity, of the exploring 
electrode gives an upward deflection on the electrocardiogram) the 
common appearances include (Fig. 1). 

1. A very small frequently inverted P-wave. 

2. A prominent Q-wave. 

3. A biphasie QR complex "with no S-wave. 

4. A large sharply inverted T-wave. ‘ 



Fig. 1. — Common appearances of apex — left leg leads. 


We do not agree with certain authors®’ in respect to the ci’iteria 
which they have laid doAvn as evidence of abnormality. If chest lead 
electrocardiography is to be of help, it is essential to appreciate the 
variations of normal. For this reason we have deemed it wise to deal 
vdth some of these criteria in detail. 

A. An 'Upright P-Wave . — Table III shows that an upright P-wave 
is common. 

Table IH 


P-Wave in 114 Nokmal Contiiols 


LEAP 

POSITIVE 

NEGATIVE 

lUPIIASIC 

ISOELEOTKIC 

Apex — left leg 

2.3 

49 

8 

34 

Left pectoral — left leg 



15 

24 

Eight pectoral — left leg 

14 

59 

32 

9 


In the right arm coupled leads the P-wave was always upright. It 
is worth noting that P never exceeded 2.5 mm. in height in anj’ 
lead. The right pectoral lead has been called the auricular lead. Thi.s 
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is presumably because, in certain cases of milral stenosis the F-v,'jives, 
and ill certain cases of auricular fibrillation the /-waves, are unusually 
large in tbis lead; but they are not large in normal controls. 

B. A Yerij Small Q-Wave or Nearly Mo7iopliasic QRS Complex^^ 
(Figs. 2 and 3). — Our minimum normal Q-wave a\ms 2 mm. in depth 
in the apex — left leg lead, and was 1 mm. in depth in the lc£t pectoral 
— left leg lead. When the main QRS deflection was downward, our 
minimum upivard deflection was 1 mm. in height. It would therefore 
appear wiser to consider aluiormal only an ab.solufely monophasic rle- 
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Fig. 2. — Apex — loft lea^ lo.'ids. Xote siduII Q-w.ave.'j. 



J-'ifT. ,1. — Apex — loft U'tr lends. Almo.^l inonoi»!!n.':5c ilovrjnv.'tnl dcno’.'tlon.s. 


flection which did not occur once in our series of 150 e.ascs, nor in any 
other .series of normal controls i*eporte\l. 

C. Nolclihig of the QRS Complex^’ (Fig. 4). — We agiTre wills 
Shipley and Hallnran,^" and with Waster and his coworkers*" that 
this is a normal variation. In our series oi 150 controls, notching, 
which did not include slurring, oeeurred in one or more lernls in 52 
subjeets, or in 34 per cent, and bore no relationship to notchisic in tin* 
.standard lead.*:. It.s imndenee in the various lends i.s given in Table 
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Tjujle rv 
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D. M or T7 Complexes }’^ — Again we agree with Shipley and Hal- 
laran,^® and Avith Master and his eoworkers’® that these are not un- 
common normal Amriations. These A\a-iters described a small initial 




Eigr. 5. — 1 , Apex — right arm lead, initial downward deflection ; 2 , apex — left leg lead, 

initial upward deflection. 

upAA’ard deflection pi’eceding Avhat Avould otJierwise liat'c been a normal 
Q-A\mAm in the apex — ^left leg lead. We found this extra deflection in 
20 out of 150 cases in the apex — left leg lead and its counterpart, an 
initial doAvnAA-ard deflection, in 30 out of 150 cases in the apex — ^right 
arm lead. In the other leads it AA^as rare. An example of this extra 
deflection is shoAAm in Fig. 5. 

E. Elevation of the B-T Segment^’ (Fig. 6).— There have been 
frequent allusions to the normal depres.sion of the E-T segment in the 
apex — left leg lead, the limit of AA'hich has been draiAm at 2 mm. 
ElcAmtion of any degree has been con.sidered abnormal. By means oi 
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a special electrode iiaste we ’im-e able to reduce skin resistance 
sufficiently to ensure a tiglit striiifr so tiiat overshootinir was avoi<led. 
With this technic (i6 per cent of our 114 analyzed eases showed an 
isoelectric E-T take-off in the apex— left leg lead, ami in another 18 
per cent the depression measured only 0.5 nun. from the isoelectric 
line. Depression of more than 1 mm. occurred in only one ease in 
this lead. The findings in the other leads are tabulated below. 

Slight elevation of the E-T take-off in the apex— -hd't ]<‘g lead was 
found in five eases, or in 4.4 per cent. It amounted to more than 0.5 
inm. in only one instance when it jneasnred 1 mm. In standard Lead 
11 slight elevation of the S-T talce-ofi' was found in h per cent of 150 


cases and measured 0.5 mm. in all but f)no, in winch it was 1 rnm. In 
standard Leads I and III deviation of the S-T take-oti was a little less 
frequent, and in all three leads elevation was more eommon tlian 
depression. 
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G. Biphasic or Isoelectric T-WavesI°~BcioxQ considering tlie nor- 
mal variations of the T-Avave in chest-lead electrocardiograms, it is 
necessary to understand the effects produced by shifting the exploring 
electrode. The effect upon the QR complex has been noted by Hoffman 



Pis’. 7. — Large T-waves. 1, Apex — right arm lead ; S, apex — left leg lead : 3, left 
pectoral — riglit arm lead ; and i, left pectoral — left leg lead. 



Fig. 8. — Showing the effect of shifting the exploring electrode. J, Apex — left leg lead . 
2, left pectoral — left leg lead ; and 3, right pectoral — left leg lead. 

and Delong,'’’ by Shipley and Hallaran,’’ by Kossmann and Johnston,”"' 
and others. In the majority of instances it is found that, in a normal 
subject with the electrodes arranged so that relatiA’e negativity of the 
exploring electrode results in an upright deflection on the electro- 
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cardiogram, a lead taken from some point overlying the heart vields 
a truly biphasie QE eohipk'x with Q equal to R in amplitude, and that, 
within certain limits, shifting the exploring electrode to the right 
results in a reladvely smaller Q and in a relatively larger R-ware, 
whereas shifting it to the left has the opposite ctfect (Fig. S). 

From a clinical point of view a more important effect of this shift 
is the alteration in size, shaiie, and direction of the T-wavc’^ (Fig. S). 
Table ^'I illustrates this effect in 86 normal children between eight 
and sixteen years old and in 50 normal adults. 

It may he seen that in no in.stanee was the T-wave iipriirht in the 
apex — left leg lead, although it was biphasie in six children. On 
shifting the exploring electrode to the right, the T-wavc tended to 



Hifi'. fi. — i. Apex — loft lo^ lcn<l ; loft pectoral — loft Iokt lend; and s. rif,'hl pectoral- 
loft lorr load. T l»ip!ia.«ic in ar?ex — left lo" lead. 

become upright; thus in the left pectoral lend it v.-ns biphasie in IS 
per cent and was upright in 21 per cent of the chihiron and in two 
slim young female adults; and in the right poet oral lead it wa.s up- 
right in 65 iier cent of the children and in 5S per cent of the adults. 
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r.KAP 

hmaf'Tio.v Of Tint T-r.'.ivi: 
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Id 

IS 

Highf pectoral — left leg 

L’fi 
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Apcx—left. leg 

:>o 

ij;i 


lA’ft poctoml — left leg 

4S 

nil 


Itjghl pectoral-left leg 

ir 

■% 



^ the pi'i.-ifil'li' Oertihlnatl-'n'-' of .e.nd inverfe,; 

In the three left h'f: ♦•^nphxl Icndi^. 
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If the T-waye showed any tendency to become upright in one lead, 
it was invariably more upright on shifting the exploring electrode- to 
the right. These findings agree fairly well with those of Rosenblum 
and Sampson/- who noted an upright T-Avave in 34 out of 50 normal 
children between the ages of one month and sixteen years, for these 
authors placed their exploring electrode at the left border of the 
sternum. 

It is well knoATO that inversion of the T-Avave in the third standard 
lead is often associated Avith a horizontal position of the heart conse- 
quent upon a high diaphragm. In aIoav of this Ave decided to deter- 
mine if the position of the heart in relation to the thorax Aims in any 
Avay related to the behavior of the T-Aimve in chest lead electrocardio- 
grams. For this purpose a group of 86 schoolboys Avas studied. Of 
these, 72 Avere selected for fluoroscopy and AAmre dlAuded into three 
groups according to their electrocardiograms. In Group 1 there were 
18 boys in A\diom the T-Avave Aras upright in both left and right pec- 
toral — ^left leg leads,- in Group 2 there AAmre 36 in Avhom T Avas upzlght 
only in the right pectoral lead ; and in Group 3 there Avere 18 in Avhom 
T remained inAmrted in the right pectoral lead. Obviously the radio- 
logical appearances of all these hearts A\mre Avithin the limits of normal 
variation and an estimation of their relative sizes and shapes Avas 
entirely a question of judgment. Of 5 pendulous hearts none AAmre 
seen in Group 3 ; of 7 hearts characterized by an exaggeration of the 
pulmonary arc, none occurred in Group 3, AAdiereas 4 Avere from Group 
1; in contrast, of nine transAmrse hearts associated A\dth a high 
diaphragm, 5 Avere from Group 3 ; and of 13 relath'ely large hearts, 
6 occurred in Group 3 against only 2 fi’om Group 1. Thus in Group 3, 
10 out of 18 had either relatiAmly large hearts or transverse hearts 
associated AAuth a high diaphragm, as compared Avith four out of 
eighteen in Group 1. If any conclu.sions can be di’aAATi from these find- 
ings, it Avould appear that an upright T-avra'c in the left pectoral- 
left leg lead tends to be associated Avith small or Avith- pendulous 
hearts, or AAoth hearts characterized by an exaggeration of the pul- 
monary arc, whereas a T-Avave AAdiich remains inAmrted in the right 
pectoral — left leg lead tends to be as.sociated AAdth i-elatiA'cly large 
hearts or Avith transA'erse hearts associated Avith a high diaphragm. 
If this be true, then T should be inAmrted in the right pectoral — ^left 
leg lead in eases of h5qiei’tensive heart disease and of aortic A'alATilar 
disease, and it should be upright in the left pectoral — left leg lead 
in cases of mitral stenosis and of heart disease seeondai’y to em- 
physema. So far as our inve.stigations have proceeded in pathological 
subjects, this rather appears to be the ease. 

The configuration of the chest Avas also studied in the group of 86 
schoolboys. Anteroposterior and lateral external mea.suremcnts wci’C 
obtained by means of obstetrical calipers; the subcostal angle AAm.s 
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measured; the length of the thorax Avas better gauged by means of 
x-ray films; the height and weight of each boy were measured. The 
results permitted a certain grouping, and an attempt was made to 
ascertain if any particular groujj or combination of groups showed 
a similar behavior of the T-Avave in the chest lead electrocardiogram. 
Apart from the fact that the three fattest boys shoAved an inverted 
T-wave in the right pectoral — left leg and that no slim boys shoAved 
this, no correlation could be found. 

We may noAV consider the normal variations of the T-Avave in chest 
lead electrocardiograms. We agree that an upright T-AvaA’’e is abnor- 
mal in the apex — ^left leg lead in subjects over eight years of age, but 
in leads internal to the apex beat upright or diphasic T-AvaAms are 
common normal Amriations, particularly in children under sixteen 
years of age. Before interpreting an upright T-AvaAm as eAudence of 
abnormality it is necessary to check the position of the exploring 
electrode. 



There are tAvo other points about the T-AvaAm; first, from its point 
of origin the S-T or R-T segment ran almost immediately into the 
upright or inverted T-AAmve when this was large, but in other instances 
there was an appreciable isoelectric interval. Second, the T-Avave Avas 
bifid in 15 records, u.sually in the left pectoi’al — right arm lead 
(Fig. 13). 

SERIAL CHEST LEAD ELECTROCARDIOGRAMS 

It folloAvs from what has been said that in chest lead electrocardiog- 
raphy no tAvo records are comparable unless the exploring electrode is 
in exactly the same position on both occasions. LcA’y and Bruenn^’ •' 
have found serial chest lead electrocardiograms useful in tollomng 
the acthuty of cases of rheumatic carditis, and they state, “By far 
the most frequently obseiwed changes in Lead IV were alterations in 
the direction or voltage of the T-AA'ave.“ Noav these are just the 
changes AA-hich occur on .slight shift of the exploring electrode Avhich 
in their cases aa'us placed close to the left border of the sternum, and 
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we should place no reliance on such changes unless some means were 
adopted whereby the position of the exploring electrode relative to 
the underlying lieart could be exactly controlled, for luore than due 
care is needed. 

RIGHT Ami COUPLED LEADS 

For the most part, the electrocardiograms obtained when the ex- 
ploring electrode was coupled with the right arm v.^ere the reverse 
of those obtained with the left leg, being due to simple reversal of 
current through the galvanometer. This applied most strictly to 
aiDical leads but did not hold for the right pectoral leads. Novr when 
the left arm electrode is used for the exploring electrode, the object 
in coupling it with the right arm electrode is to turn tlie QR eoraplex 
into the more familiar RS complex and to biang the T-wave upright. 
Wolferth and Wood thought that this was optional, and Lieberson 
and Liberson preferred the more familiar apxjearances. It seems to 
us, however, that it is advantageous to be able to recognize a chest 
lead electrocardiogram at a glance and that therefore wc should ad- 
here to the more correct arrangement of Wolferth and Wood in 
w’hieh the connections are such that relative negatinty of the e.xplor- 
ing electrode fields an upward deflection on the electrocardiogram. 


I)UR.\TION OF DEFLECTIOX.S 


Reference to Tables I and 11 shows that the time limits adopted 
for the duration of the various phases of the standard lead electro- 
cardiogram hold good for the respective j)hases of the eliost lead elec- 
trocardiogram. The average duration of QRS, however, is slightly 
longer in the latter. 

PRFiSENTATION 01- NORMAL APPEARANCES 

In conclusion wo would represent the appearances of the chest lead 
electrocardiogram, with the loads arranged so that relative, negativity 
of the exploring electrode produces an upward deflection on the rec- 
ord, as follows: 

3. A small, frequently inverted R-wnve, which, may lunrever he 
upright, biphasic, or isoelectric. 

2. . A biphasic QR complex which may be nearly all Q or nearly 
all R according to the position of tbc exploring electrode. An e.xtra 
initial upward deflection may sometimes occur. Notelnng or slurring 
of any portion of the wavc.s is common. 

A. Tlic R-T talce-oiT is usually isoelectric Irat may be depressed to ti 
maximum of 2 mm., or rai-idy may be slightly elevated. 

■4. There is commonly no approciahlo iKoelecfric period of irsc R-T 
component unless the T-wave is small biphasic. or upright. 
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5. The T-wave is usually sharply inverted and of considerable ampli- 
tude. Under certain conditions, especially in children, it may he up- 
light 01 ’ hiphasic, according to the position of the exploring electrode. 

6. Within certain limits shift of the exploring electrode to the right 
yields a relatively smaller Q-iva-im, a relatively larger K-wave, and 
a less inverted T-wave; shift of the exploring electrode to the left 
has the opposite effect. 

srarMARY 

1. The normal appearances of chest lead electrocardiograms have 
been described from material recorded from 1,50 normal subjecls. 
There were 50 adults and 100 children. 

2. Particular attention has been paid to the po.sition of the exploring 
electrode. The indifferent electrode was fixed to the right arm or to 
the left leg. 

3. The changes Avhich occur in the QR component as the exploring 
electrode is shifted from the apex beat to the right have been con- 
firmed ; more striking may be the change in the direction of the T-wave. 

4. In view of the difficulty of fixing the explox’ing electrode in a 
constant position in relation to the underlying heart, great caution 
must be exercised in the interpretation of serial chest lead electro- 
cardiograms. 

5. An attempt was made to find some factor which might influence 
the direction of the T-wave when the exploi’ing electrode was placed 
internal to the apex beat. 

6. Certain criteria which have been supposed to denote abnormality 
have been criticized on the grounds that these may be normal varia- 
tions. 

Note. — No reference is made to the recent study by Dr.s. Robinow, Katz and 
Bohningr (The Appearance of the T-Wave in E,ead TV in Normal Children and in 
Chiidren with Rheumatic Heart Disease. AM. Heap.t J. J2: 88, 19uG) becau.se that 
paper was published after the present study had been completed. 
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heart DLSIE-VSE AMONG vSEAlMEX'' 

H. AKEXJ5ERG, 3r.D. 

Ellis Island, N. Y. 

A^BOUT a million alien seamen enter and leave tlie ports of tlu; United 
States yearly- one-half of them pass through the ])ort of New 
York. It is estimated that together with foreign and Ameriean inei-- 
chant seamen there are as many as 20,000 seamen in the jmrt of New 
l:ork on an average day, coming and going to and from all parts of the 
world.^ The greater part of all medical care of seannm ill in our ports 
is rendered by the United States Public Health Service through the 
Marine Hosjntals which arc situated at all important ports. There are 
as many as 3,000 admissions to the Marine lTos])ital at Ellis Island 
yearly and about as many to the i\rarino Hospital at Staten Island, while 
tens of thousands are treated yearly at (lie out-patient ^larine Ilosjiifal 
at. Hudson Street, 

Heart disea.se is the leading cause of death among seamen, as it is 
among other groups of the population.- By their mode of life, economic 
statiLS, strenuous oecupation, habits, sex life, and geugraithie distribn- 
tion, seamen make up a unitpie group for the etiologie study of heart 
di.sease. No other group pre.sents such a diversification of known and 
theoretical factors in the. etiology of heart disease. Any comparatively 
.small group presents almost a eompleic eross-sect ion of the population 
of the world. Sndiilis, which is an im]iortant factor in heart disease, 
is probably more prevalent among seaimui than any other group in tins 
liospitnl.^ Alcohol and tobacco, lliough not dcliniti'ly established as 
etiologie agents in arteriosclerosis and hyjiertension, are at least theo- 
retically considered as such by many,'* IMore than DO ]n'r cent of sea- 
men .smoke, many of them excc.ssive1y, and more than at) per cent of 
them arc heavy drinker.s, as observed in this hospital. If any of the 
above factors are at all influential in the etiology of cardiovascular dis- 
ease. they arc present here in abundance. 

This study is based on a clinical inve.st igation of dSr> eases, including 
50 autopsies, selected from over 5,000 seamen patients who iind breu 
suldected to a special cardiovascular examimitiou regardless o! tlie nd- 
ments for which they were admitted to the hospital. In almost t.-wry 
instance either n nnoroseoi>ie e.xnmination or an x-ray fdjn of tic- Iwmi 
was made, and at least one elect rocardiogi-ttm was takou, TIktc were 
only 5 females. Tliere wcri' colored males and wlut*,' m.*ues. 
Forty-one per cent of the group were native ^Xmcrican.s, iv-pivs 
almost every state in the Urdon. and .>P per w-ns were i^uvign. eot 
from all ■[>arts of the world (Table 1?. 

'Fiinn Uio UnltcC. SlAtcy- i'»Wic H'-.Uth Srr'.-!-.'-. 

iPT 



198 


THE AMERICAN HEART JOURNAL 


Table 1 


EtIOLOGIC CLASSIFICAUOlf BY NATIONALITY 


NATrVUTY 

HYPER- 

RHEO- 

ATIIERO- 

SYPH- 

IIISCEL- 



TENSIVE 

MATIC 

SCLEROTIC 

ILITIC 

LANEOUS 

TOTAL 

Australia 

- 

- 

1 



] 

Austria 

2 

1 

2 

1 


0 

Argentina 

1 

- 



_ 

1 

Belgium 

1 

- 



— 

1 

British West Indies 

8 

2 

1 

1 

_ 

12 

Canada 

1 

- 

2 

1 

3 

7 

Cape Verde Islands 

1 

- 

• 

1 


2 

Chile 

- 

— 



1 

1 

China 

1 

- 




1 

Cuba 

- 

1 




1 

Denmark 

4 

1 

— 


1 

G 

Dutch West Indies 

2 

1 

1 

1 


5 

England 

13 

4 

8 

2 

2 

29 

Esthonia 

- 

1 

1 

1 


3 

Finland 

- 

1 

2 

- 

- 

3 

France 

2 

- 

1 

- 


3 

Germany 

18 

2 

6 

4 

1 

31 

Greece 

8 

1 

1 

O 

o 


13 

HoUand 

1 

1 

1 

2 

1 

0 

Hungary 

1 

- 

* 

« 

- 

1 

Ireland 

8 

2 

5 

1 

1 

17 

Italy 

7 

6 

4 

2 

1 

20 

Jamaica 

1 

- 

- 

- 

- 

1 

Jugoslavia 

2 

1 

- 

1 

- 

4 

Korea 

- 

1 

- 

- 

- 

1 

Malta 

1 

- 

- 

- 

- 

1 

Newfoundland 

2 

1 

1 

- 

- 

3 

Norway 

9 

, 3 

6 

4 

2 

24 

Palestine 

- 

- 

- 

1 

- 

1 

Panama 

1 

- 

- 

1 

- 

2 

Peru 

1 

- 

- 

- 

- 

1 

Philippine Islands 

- 

1 

1 

- 

1 

3 

Poland 

3 

4 

- 

1 

1 

9 

Puerto Eico 

1 

2 

- 

3 

2 

8 

Portugal 

4 

- 

- 

- 

- 

4 

Eoumania 

2 

- 

- 

2 


4 

Eussia 

1 

2 

- 

- 

2 

5 

Salvador 

- 

- 

1 

1 

- 

2 

Santo Domingo 

- 

1 

- 

- 


1 

Singapore 

- 

- 

- 

— 

1 

i 

Spain 

4 

O 

2 


3 

11 

Sweden 

7 

4 

7 

2 


20 

Syria 

1 

1 

- 




Turkey 

1 

- 

- 



j 

Virgin Islands 

2 

- 

- 

— 

— 


Venezuela 

1 

- 

- 

- 


1 

United States 

79 


34 

19 

15 

203 

Total 

201 

102 

SS 

.07 

30 

4S,'5 


Out of 485 patients 130, or 26 per cent, Lad active or latent syphilis; 
44 per cent of these had cardiovascular syphilis. The prevalence of 
syphilis among the colored cardiac patients was 57 per cent and among 
the white cardiac patients 23.6 per cent. All patients in tliis .studj'’ were 
adults ranging in age from nineteen to seventy-six years. 
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nVPERTEKSnT, GROUP 

The Inq^ertensive groii]) was t]ic largcsf. Tnehidcfl in this group were 
those only in whom cardiac hypertrophy was demonstrated hy x'-ray fihn 
or tlnoroscopic examination i7i addition to tiie 'j)re.sence of or history of 
hypertension. There were 202 patients, or 4:1.6 per cent, in this croup: 
21 were colored and 181 were wliite. Only 37 per cent were Anierie.:ins. 
About 25 per cent were asymptomatic wlien first examined, atid 14 per 
cent had either latent or active .syphilis, while 26 out of 202 had cnro- 
naiw disease complications. 

The age extreiiies were t-\venty-ninc and sovenly-six year’s, with the 
greatest number in the fifth and sixth decades of life. 


RHEUAIATIO GROUP 


In this group there wei'C 102, or 21.3 per- cerrt : 55 per cent wei-e Amer- 
icans, in comparison unth 37 irer cent among the hypertcn.sivc group, 
and 41 per cent of the total number. Ther-e were 0 colored and 93 
whites. The foreign grou]) repr-esented 24 diffei-ent countries. Only a 
small number were from the tropical oi- subti-ojrical r-egions. while 50 
of 56 Americans Avere fi-om the norfheastei-n slates. Si.xty-nine had his- 
tories of rheumatic fever, and 11. hi.slories of chorea. 

The age extremes were nineteen and sixty-two years, the. nver*agc ag(* 
being thirty-five years, and the gr-eatest number- beirrg in the third and 
fourth decades of life. Ther-e wer-e 27 asymptimratic patients in thr'.s 
group, and 21 had Intent or active syphilis, while 23 had aui-ieulnr 
fibrillation. 

ATIIERO.SCfJuROTIC GirOTJP 


In this group were included all eases of cor-onar-y disease, coronary 
thrombosis, myocardial damage, sclci-osis of the aortic valve, and norr- 
.S 3 irhilitic. aneurysm. There were 88. or 18 per- cent, in this grorrjr, i-cprc- 
senting 21 different coirrrtrics, 38 being unlive Amer-icans. The tropical 
and .subtropical countries Avere almost entir-ely unroiUT'senled. Tiicre 
AA-erc 4 colored and 84 Avhites. 

The age extremes Avei-e thirty-seven and seventy-five year’s, the av.-rnge 
ago being fifty-seA-en year-s. and the gi-entest number being In the sixth 
and seventh decades. In contrast to the other- grmrps there were only 
t.AA’elA'o asAuuptomatie cases. As a class or jirdients, searuen tall in sit'.' 
hyposcnsitJA'C group witlr rciererree to imin. Tm-re avcs'c 2 juseuiy-sms 
among the patients in tliis group. 


CAlUUOA'ASCUi.-AK .SYmiU.IS 


There Aver*e 57 patients, or 11.7 per cent of the total, in this group. ,5.5 
of A\diom had posit ia'c serology and 2 oi Avhoni had ravsitsve Instorie.^ -wstrs 
iregative serologA-. There AA'ci-e .10 colored and 47 wint'S- 1 wsruiA'-six 
had had one or two coui-st'S of antrsyphililiv' tre.-itment or none at at!. 
Ther-e Averc 11 asAuuptomatic cases. 
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The age^ extremes were twenty-six and sixty-eight years, with an aver- 
age age of forty-five years, tlie greatest number being in the fiftli dec- 
ade. There Avere 8 patients Avith aneurysm, only 2 of AA'liom gave a 
history of antisyphilitie treatment ijrior to this obserA'ation. 

JIISCIiLLANEOUS GROUP 

There Avere 36 eases under this heading. Among tliese Avere five case.s 
of aortic insufficiency in AAdiieh a history of rlieumatic infection or 
syphilis could not be obtained. The etiolog>’' Avas tlius considered as 
undetermined. There were six eases of auricular fibrillation Avithout any 
other demonstrable cardiac disease.® The patients’ ages AA^ere betAveen 
forty-six and seA^enty-one years. All except one of tliese cases Avere 
asATnptomatic, 

There Avas one ease of beriberi heart® and 6 of congenital cardiac 
lesions, Avith patent ductus and transposition. There Avere 3 eases of 
adherent pericarditis, one of AA’^hieh AA’as considered Pick’s disease. 
There Avere 2 eases of baetei’ial endocarditis, both being fatal. There 
AA'ere 2 cases of chronic cor pulmonale and 3 cases of paroxy-smal tachy- 
cardia. In addition there AA'cre 6 thyroid heart conditions, in one of 
AA’-hieh auricular fibrillation aa'rs noted, and 2 cases of cardiac hyper- 
trophy of undetermined cause. 

Auricular fibrillation aa'bs the most frequent di.sturbance in rlijdhm. 
There AA'ere 49 eases of permanent fibrillation; 23 in the rheumatic 
group, 14 among the liypertensh'e group, 6 of undetermined origin, 5 in 
the atherosclerotic group, and one in the thjToid group. There AA^ere 
only 3 patients Avith auricular flutter, one established, the other tiA-o 
paroxy.smal. One of the latter, AA'hich had been previously reported, 
shoAved 1 :1 rh;si;hm Avith a rate of 240.^^ There AA'ere 23 eases of heaii;- 
block, bundle-branch or mixed types; mo.st of them Avere in the coronary 
group. 

There AA'ere 71 deaths, 50 of AA'hich came to autop.sy, distributed as fol- 
loAvs : In the hypertensive group there Avere 29 deaths and 17 autopsies. 
Taa'o had coronary thrombo.sis and tAvo spontaneous rapture of the aorta. 
In the atherosclerotic gi’oup there Avere 21 deaths and 16 autop.sies. 
Among the autopsied eases one had metastatic carcinoma of the myo- 
cardium ob.strncting the descending ramus of the left coronarj' 31401'}'. 
One had aortic stenosis and insufficiency considered as .s}'philitic in- 
.sufficiency ante mortem, and one had an aneury.sm. The others had 
A-arious degrees of myomalacia from coronary obstx’uction or myocardial 
fibrosis from coronary atherosclerosis and in.sufficiency. 

There Avere 13 deaths among the rheumatic.s, and 8 autopsies. One 
case, considered rheumatic mitral insufficiency, AA’as found to have been 
congenital malfoi'mation of the mitral atiIa'c resulting in mai'ked in- 
sufficiency. One other patient AA'as found to have had syphilitic aortitis 
AA'ith imsufficiency in addition to old mitral and aortic rheumatic endo- 
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carditis. The other six in this group \vliieh came to aulopsy luui mitral 
stenosis with insufficiency of various degrees. Tlic remaining autojisied 
cases were two of acute endocarditis of slaphyloeoccie origin, one witli 
tuberculous jieriearditis and one witli chronic cor ])ulnionale. There 
were 7 deaths among tlie snihilitic cardiac patients and 7 autopsies; 
3 had aneurysms, one ru]itured, the others were cases of aorfic insnOh 
eiency. 

SUAOTARV 


Four hundred eiglity-five cases of heart disease among .‘^camen are 
presented. These men represent every continent, and 49 different coun- 
tries and islands. The incidence of heart conditions among seamen is 
as great as, if not greater than, among landsmen. Hyperlen.sion seems 
to be more frequent among .seamen tlian among oilier groups in New 
York, and le.ss frequent than it is in the Nor! hwe.st..®' Fheumatic lieart 
disease is about as frequent ns among the general population, but, Ameri- 
can seamen arc apparently more .susceptible to it ilian seamen from other 
countries. The frequency of eardiovasenlar syiiliilis among seamen is 
two to three times as great as that among adult males of the general 
population 
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THE DIPHASIC QES TYPE OP ELECTROCARDIOGRAM IE 
CONGENITAL HEART DISEASE® 

L. N. laTZ, M.D., AND H. Wachtel, i\LD. 

CtiiCAGO, Irj,. 

"YI^IIILE there are a number of reports dealing with the electro- 

W cardiographie appearance of congenital heart disease, no char- 
acteristic picture has been described other than the occurrence of large 
voltage and axis deviation^'” Of course, the mirror-image appearance 
of Lead I in certain cases of dextrocardia and the presence of heart- 
block and other abnormalities in the electrocardiogram are well known. 
Recently, we have seen several instances with a peculiar type of di- 
phasic QRS complex in congenital heart disease. A survey of the 
literature failed to reveal any references to this peculiarity except 
for the casual mention by Talley and Fowler’- that a diphasic QRS 
occurred in the case of congenital heart disease reported by them and 
their reference to several eases reported by Petit. 

It was decided to make a more systematic survey of this peculiarity. 
For this purpose we have taken 43 typical cases of congenital heart 
disease from our Heart Station files. Of these, 31 were in their first 
year of life; 17 were between one and six years of age; 9 were between 
seven and fifteen years of age ; and 6 were between twenty and forty- 
five years of age. The cases selected for this study had several of 
the following findings: a histoiy of cyanosis at or near birth; the 
presence of “heart trouble” at this time; the pi’csenee of heart en- 
largement, cardiac murmurs, or thrills which could not be readily ex- 
plained by an acquired lesion; and the finding of characteristic roent- 
genographic alterations. The electrocardiograms of these 43 cases 
were then analyzed in detail and the re.sults tabulated. 

Kiusuins 

The essential findings in the QRS and the abnormalities in the S-T 
segment and T-wave are summarized in Table I. There w'ere 16 in- 
stances of right axis deviation and 5 of left axis deviation. In 13 
instances the amplitude of QRS was large, being over 38 mm. in more 
than one lead (ef. Fig. 1). Jlarked .slurring of QRS occurred in 13 
instances, and in 7 of these the slurring occurred in all leads {l^ig.s. 

1 and 2). No abnormalities in rhythm v/ere found in this .series ex- 
cept for the oeeui'rence of auricular premature systoles in one case. 
Abnormalities in the T-wave and the S-T segment were not common. 

T was tall in 10 cases, 6 cases in Lead II only, 1 in Lead I only, 1 in 

•From the Heart Station, Michael Rceae Hospital. 
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KATZ AXn WACIITEL : 


DIPHASIC QKS IX rOXCEXITAE HKAPT DlJ^EASE 20:] 


Lead III only^ and 2 in both Leads II and III.. T was sinnli in 7 in- 
stances, 6 in Lead I only (cl Fig'. 3) and 1 in all leads. T was 
negative or diphasic in Leads I and 31 twice, both liaving mirror 
dextrocardia, diphasic in Leads II and III once (cl Fig. 3) and nega- 
tive in Lead I once. T was notched in 3 eases, tv, dec in Lend I only. 


Fisr. J. 


Fk^ r. 


r'isr. !.• — Xttt,‘ thnt in HI 

phn.'so 5i5 ncirutivo. ami tb*' socona 


t!i<' tilpiiai’Sc QKS i« nr-t 
is atv-1 Uiiivr U'.tin ih<.- 



r:r;U 



and once in all leads. S-T was negative in t ea^es 
only (el Pig. 2), 3 times in Lead III only, once in Lc 
3 times in Lends II and III (cl Ilg.s. 1 and 3;. 


positive in one case in Leads 11 ana III (ci. lig- 


one- 
ds I 
cve.s 


in Lead 1 
And n, nmi 
abnonnally 
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While diphasic QKS complexes were very common, we have re- 
stricted the term diphasic QRS in this analysis to those diphasic QRS 
complexes in which the smaller phase had an amplitude of one-fourth 
or more of the larger phase. The data are assembled in Table 1. 

Table I 


AGE 


QltS AMPLITUDE IN MM. 


LEAD I 


LEAD II 


LEAD III 


T AND S-T CHANGES 


+12 

+17 

+ 4-5 


+18 
+15 
+ 8 


T, small (aur. ext, syst.) 
T, tall S-T„ neg. 


3 days 

+ 3 -10 

4 days 

+ 5-5 

14 days 

- 8 

1 nio.2 

+10 -13 

6 wk. 

+ 5 -15 

2 mo. 

+ 5 -18 

3 mo. 

+ G -13 

7 mo.4 

+15 -10 

9 mo. 

+ 5 

10 mo. 

+ 6-4 

1 yr. 

+10 - 2 

18 mo. 

+10 - 5 

18 mo. 

+ 4 

20 mo. 

- 2 +11 

2 yr. 

+ 5-3 

2 yr. 

+ 5 -10 

3 yr. 

+ 9 

3 yr. 

+ 8 

4 yr. 

+ 3 -13 

yr. 

+ 4 -16 

5 yr. 

+ 6-5 

5 JT. 

+ 4 -16 

5 JT. 

+ 3-8 

5J yr.3 

+11 -16 

54 yr. 

+ 7-4 

6 yr. 

+ 4-5 

6 yr. 

+ 5 -13 

6 yr. 

+ 9 

8 yr. 

+ 3-3 

9 yr. 

- 5 

10 yr. 

-3 + 3 

11 yT.i 

+30 -30 

11 yr. 

-1+6 

11 yr. 

+10 

12 yr. 

+11 

14 JT. 

+ 4-3 

14 JT. 

- 8 

23 yr. 

+ 1-1 

25 yr. 

- 2 +10 

25 yr. 

-12 

25 yr. 

+ 5-6 

32 ‘yr. 

- 1 +14 

44 JT. 

- 8 


+ 9-9 

-7 + 7 

- 5 

+ 3 -18 

+16 - 7 

+21 

-3 + 3 

- 7 +13 

- 2 +15 -7 

- 8 +14 

+ 4 -10 +1 

+ 7 -15 +1 

+12 

- 3 +13 

+18 

- 2 +13 

+20 

-4+8 

- 2 +20 

+12 

+14 -10 

+ 9 -18 

+10 

+ 8 

- 6 

-7 + 8 

+ 1-1 

- 9 

+18 

+ 8 

+10 - 3 

- 3 +22 

+ 8-3 

+17 

+13 - 3 

+12 

+ 9-2 

- 5 +14 

+ 9 

- 2 +15 

+ 8-3 

- 8 +34 

+ 7 

+ 5 

+22 

- 4 +24 

- 1 +15 -6 

- 2 +15 

+ 8-8 

- 8 

+10 - 5 

+ 7 

- 3 +14 

+24 

+14 

+13 

+25 

-16 +33 


+18 

- 2 +15 

+13 - 4 

+ 6-8 

+11 

+ 3-3 

+19 - 6 

+15 - 8 

+ 8 

+13 

- 2 +15 

- 1 +15 

+15 

+ 8-4 

+ 3 

+13 

+ 6 

+ 8 

+14 - 1 

+ 4-4 

- 8 

+ 6-2 


S-T, neg. S-T, and S-T, 
pos. 

T, tall 
T, tall 

T, small 

T small all leads 
T notched all leads 
T. and T. tall 
S-T, and "S-T, neg. 

T, small and notched 


T, small 

T, small and notched 


T, and T, tall 

S-T, and S-T, neg. T, 
neg. 


S-T, neg. 
T, tall 


T. tall 

T,’ tiny, T, and T, 
diphasic 

S-T, and S-T, neg. 
QKS duration 0.10 

S-T, and S-T. neg. 
T, taU 


T. tall 

T' and T, neg. (dextro- 
cardia) 

T, tall 

1\ neg. T, diphasic 
(dextrocardia) 


>FJg. 1. 
=Fig-. 2. 
=Fii:. 3. 
'•Fig:. 4. 






KA'J’Z AND WAC IITEI. : 


nipriAisic QR.s IS coxGKXiTAi, iiEAirr bishash 20r» 


These diphasic QlhS complexes were divided info two types; xiz., 
the plus-minus wliere the first pliase was upright and the minns-idus 
wliere the first phase was negative. "When these diphasic QRS com- 
plexes occurred in more tlian one lead, they were again divided into 
two types of which tlic isocyclit'. vais where the signs of the two phases 
Avere in the same order in the several leads and the heterocyclic Avlicre 
the signs of the two phases iji one lead were the revei’se of tlint in 
another. 

There Avere 56 instances of diphasic QRS out of a possible total 
of 129: 26 in Lead I, 14 in Lead 11, and 16 in Lead TIT. The phis- 



minus type Avas more freciuent; aTt:., 45 instances, 2;) in Lead 1, IT 
in Lead IT, and 7 in Lead HI. The minus-plus type A\ms less ire* 
f[Uonl ; A’iz., 11 instances, 1 each in Lea<Is 1 ano If. and 9 in f^ead LtL 
Diphasic QRS complexes occurred in more than ojic ieaa in 17 eases: 
in 5 in Leads 1 ami 11, in 6 in Lends I and III: iii 2 in Tamds IT am! 
HI: and in 4 in all lends. Isocyelic types oeeurreu in 8 cases, oiu- in. 
volving all leads, the others Leads I and H or Leads 1! and HI. 
Heteroeyelie mies occurred 9 times, :> involvitn.r n\l leads :\vj.\ 6. L‘.iHh 
I and HI. The isocyelic typc.s Avere all of the idusoninv.s type. The 
heterocA'clic tyjic had a plus-minus in L’^ad 1 ami a !uuius-pj5iS in 
LcadHL 
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Several of the more striking examples of these diphasic QRS com- 
plexes are shown in Figs, 1 to 4. It is our impression that when 
changes as marked as those shown in these illustrations are seen, they 
are pathognomonic of congenital heart disease. Less marked examples 
in children should arouse suspicion and can he used as confirmatory 
evidence. Diphasic QRS complexes occur in the absence of congenital 
heart disease, notably in coronary artery disease (Leads I and III) 
and in left axis deviation (Lead EE). A diphasic QRS in precordial 
leads is a normal finding. Normal children show diphasic QRS com- 
plexes as often as monophasic, triphasic or polyphasic, but a diphasic 
QRS with the two phases bearing a ratio of less than 1 to 4 is excep- 
tional, if it occurs at all. Hence, it is of diagnostic value in congenital 
heart disease. In our small series this diphasic QRS was not found 
associated with any particular type of congenital heart disease. 

The mechanism behind the diphasic QRS is unknown, and for the 
present it is not justifiable to .speculate about its cause. It would 
seem, however, that it might well be a persistence of the embryonic 
pattern of invasion of the ventricles which would be more likely to 
persist in hearts whose development was partially checked in the form 
of other congenital defects. 


.SUMMARY 

A diphasic QRS (with the size of the two phases being of the order 
of less than 1 to 4) was a frequent finding in congenital heart disease. 
The presence of such a diphasi^ QRS is confirmatory of this diagnosis, 
and, when the two phases are large and of equal extent, the finding is 
pathognomonic. 
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EXTREME CARDIAC ENLARGE^^IENT^ 


J. -S. COLDEX, .^I.D., AXD Wnj.iAM A. Bkams, ]\r.D. 

Chicago, III. 

A CAREFUL search of Ihe literature for records of hearts v.’eitrh- 
ing 1,000 gui. or more revealed that only 38 such instances were 
reported in the past century. This is partly to be aceoimted for Ity 
the fact that large hearts are often mentioned only incidentally in 
case reports and as such arc difficult to locate in the literature. This 
apparent infrequency is in striking contrast to our experience at the 
Cook Count}’- Hospital u’here nine patients with such heai’ts were ad- 
mitted since 1928. The difference in frequency and the oli.servation 
of a patient on our medical .service wliose heart weighed 3,475 gm, 
promised us to report this patient in <letail and to summari'/e the 
essential features in the nine cases with cxti’cme cardiac enlargement 
admitted to the Cook County Hospital in the past eight ycar.s. 

The largest heart on record was removed from a middle-aged man 
and was mentioned b,v .Sedgwick’ and again by Wood.- The speci- 
men was said to have weighed 5 pounds and was placed in tlie museum 
of St. George’s Hospital, London. Inquiry of the curator' elicited 
the information that the specimen has been lost and no information 
is available about the heart or the patient. A .summary of tlie more 
interesting features of the remaining thirty-seven re]iorts in the litera- 
ture is found in Table I. Jt will be seen that all but one ib' tiic 38 
patients prcviomsly reported were males, a finding which agrees with 
that in our series. Twenty-two of the thirty-eight cases reported were 
in patients under forty years of age, while two-thirds of our jiatients 
were above that age. Tins disere]mney may ho due in part to a 
greater iucidence of syphilis and hypertension in our group. 

Further aualy.sis of the patients rejiorted in ihe literature reveal.s 
that the most frequent pi-edominaut lesions were adhesions of tin; 
pericardium and deformity of the aortic valve. Adlu’-sions oi ilic peri- 
cardium were pre.sent in se's'onteen instanees and were the s?»]e etio- 
logical factor resiionsible for the enlargement in five, the rcm.aining 
twelve having a.s.soeiated valvular chaugos. particularly aortic in- 
sufficieuey. Pericarditis without adhesions ns a sin^de bsion was 
associated with enhn'gemenf of the heart in two instarsccs and was 
associated with valvular disease in another. Deformity of the aortic 
leaflets with ro.snlting aortic insufficiency was the most frequent valvu- 
lar change, and was the sole caus.ative factor for e.ardiae cnlargcnter.t 
ill six instances. The largest hearts showed a comlnn.'ition of .aortic 

♦From the PeWirtmcnt of ^ S- ! 

r.'Vtho'.onic. InTstmUe. Coor cmmtv Or.J.yh-ira H. r. th- 

C.nr>Uov;is<nil«r nepnrtmv’nt. MlrhrM'l Ijo.'rit:’,,, v see* ,?, 
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Table I 

Reports of Hearts Weighing 1,000 Gm. or More Obtained From the Literature 

ON Cardiac Hypertrophy 


Bellio 

1847 


Kingii 

1845 


THICKNESS 

OP 

VENTRICLES 


Stokes'* 

1869 


Smith" 

1850 


Robins ono 
1883 


Sedgwicki 

1854 


2 « Ch « 

O w M 5 

H &! X < Q 

O <! 63 g 

<: fa to B 


25 AI 1980 3.75 cm. 


28 M 1755 
Avith 


2.5 cm. 


PATHOLOGICxVL ALTERATIONS 


Deformed aortic valve; aortic in- 
suflSciency; pericardium thick- 
ened and cartilaginous in place."; 
acute pericarditis. 

Pericardial adhesions; mitral valve 
thickened; aortic valve covered 
with "adi'entitious’’ deposits. 


1590 3.0 cm. 

■witli 

sac 

Pericardial thickening, no ad- 
he.sions mentioned; deformed 
aortic valve; aortic insufficiency; 
mitral valve thickened; .sliglit 
renal granulation. 

1507 4.4 cm. 

Pericardial adhesions; mitral and 


Bri Stowe’ 
1861 

22 

M 

1395 

Davids 

42 

M 

1395 

1862 




Wliite® 

middle 

M 

1.380 

1885 

age 




40 M 1350 
with 
sac 


29 M 1335 


Cabotis 

1926 

31 

M 

1328 

Metcalfe’S 

24 

M 

1320 

1852 




Cabot ’2 

30 

M 

1273 


41.UA I’ll../ « U.1 t I..I3 UI./A.U1 iilL-U j VlW 

insufficiency; aorta dilated; 
aortic stenosis? 


2.1 0.4 cm, i^ericardial adhesions; tlioraco- 

pericardial adhesions; deformed 
aortic valve; aortic insufficiency. 


Right pleural adhesions and effu- 
sion; pericardial effusion; in- 
tense endocarditis of both sides 
of heart. 


2.5 cm. Aortic valves thick and incom- 

petent; no vegetations; one cusp 
turned on itself; mitral valve 
insufficient but not deformed; 
kidneys slightly granular. 


Slitral valve sliglitly thickened and 
opaque; all chambers hyper- 
trophied; pericardium healthy. 


Pericardial adhesions; deformed 
aortic and mitral valves; aortic 
insufficiency and stenosis; aorta 
thinned and slighti}' dilated. 


Pericardial and mediastinal adhe- 
.‘•■ions; aortic valve 7 cm.; double 
murmur over precordium. 


3.75 cm. Pericardial adhesions; deformed 

aortic valve; aortic insufficiencj’; 
free edges of mitral valve thick- 
ened; fatty degeneration of myo- 
cardium and kidney,". 

Pericardial and mediastinal adhe- 
sions; aortic orifice enlarged; 
acute endocarditis (aortic); 
deformed tiortic and mitral 
valve."; double murmur every- 
where; subacute glomerulo- 
nephritis. 


GOLDKX A.M) RUAMS: 


CARDIAC K.N'I .ARGKM EXT 


2on 


Tam.}; T — ContTi 


Gardere and 
Eousseti-^ 
1928 

oG 

M 

1270 


Serous pericarditi.'i; pulmonarr 
tuberculosis; pleural oiTusion: 
tuberculous peritonitis. 

Peacock^ 

185d 

Go 

M 

1248 

3.G 

0.9 cm. .Slight aU!eroniatou,s (!e.KC‘n«iratioti 
oC aortic luul mitral valve k and 
aorta. 

BrackiG 

1931 

42 

U 

1210 


No uiac‘roscoj)ic scans; no micro- 
scopic done. 

Dullest" 

1884 

18 

KI 

1200 


Pericardial fulhesiou^; dmibh' mi- 
tral murmur; kidmws larEc. 
conc;(!nitiilly lolnilated. 

Hodenpyps 

1890 * 

21 

sr 

1200 

about 


Pericardial adhc.^ion.s; deformed 
aortif. valve; aortic in.s'illiciencv 
(?)• 

Kinney^!’ 

1884 

60 

M 

1200 

2.5 

O.G cm, Mitnd iuid aortic vtilvo.-; insutli 
cient ; no valvular deformities 
mentioned; myocardium at apex 
thin; kidney.--- eidarueil :md lob- 
ulated; cy.-;ts of left Idilney; 
intiammatoiy rliemnnf i.-nt wheti 
youn". 

Howard-^ 

1892 

20 


3180 


Peritairdial :idii(-sitm.s ; deformed 
aortic and mitnd valve.-.-: aortic* 
and mitral in.suGicieney ; m-- 

])hritis: scar.-- of myocardium: 
enron'-r-ew d-’kited. 

Cabot.3 2 

192(1 

19 

ll 

1158 

witli 

sac 


Pera-ardial and medin.^iinat ndlie- 
.‘iions; valve orilice.« cnbirp'd; 
chronic nondeformiuu e « d o- 
carditi.s, tiorfi*-: double miinmir; 
f.'nrrj"an and pi.stol .“hot. 

Cabot.3= 

192(5 

52 

2*1 

1150 


Pericardial adhesions: valve orifice-, 
enlarged; .“y.-itolic at .apex 
(loud); a c u t e endo<'arditi.“. 
aortic, mitnd and trit-u.spid. 

Cabot 3 2 

192G 

31 

IT 

3140 


Pericardial ami mediastiiuil adise- 
sions; valve orifu'cs erdarj.'ed: 
chronic nond“fonriin;r e n d o- 
carditis; double murmur: aortic 
.“ocond lou-l tind rinsing. 

Bank.‘;2i 

1815.3 

18 

'W 

3140 

5.0 cm. 

JVricrirdial adiie.-'ion.s ; tiorlic ami 
mitral valve deformity; aertic 
and mitnd in.'-utlleicncy: fatty 
inlibratien of myo<-arditim. 

Gola22 

18-57 

"IF 

~W 

1140 

2.9 cm. 

Aneurysm of aorta: no vatve dis- 
ease; mitnd iimunieieiscy; iiy|-?r* 
trophy of left ventricle. 

Van Ocr BvP-' 
1857 

"2F 

~W 

30sn 

2.9 cm. 

Ueforuied aortic vahe; aortic tn- 
Mifiiciency; ndtnd vrdve sliyhtly 
thickened: kMneys j-nrtly prrmu- 
San 

vSmith'--* 

. 1871 


~w 

3080 


Deformed aornc wdve-: r.-orUe 
ami insutli'-'icn.-y ; .Sid- 
neys Inr^e ami ise.inrrifc'i. 

Lenf2r. 

188.5 

29 

~w 

"I'oS'ii’ 

with 

Stic 


Pericardial miles:. uis: a---r?:r an-t 
nntrrd l-.dor.s: nr-rsic f.m: mitral 
sti-r.osi.j at’d 5n“Ufhcie;;.--‘y. 

Balr.or^'j 

1875 


~w 

1070 

2.0 cm. 

Aortd- vnivc dc;*;rt'.'.c-,5 ; av-rti-' la 
susTa'ictt-.-y. 


210 


THE AJIERTCAN heart JOURNAL 
Table I — Cont’d 


THICKNESS 

o I t, g OF 

H ° S a O VENTRICLES 

% a ° w S ? left right 

Blackford, 3^ M 1070 2-3 cm. 

Bryan, and 

Hollarar 

1936 


PATHOMGICAL ALTERATIONS 


Calcified aortic valves ; mitral valve 
thickened and scarred but not 
calcified; small area of peri- 
cardial adhesions (5 cm.) ; 
systolic and diastolic murmurs at 
the base. 


Eondier and 73 M 1020 Tuberculous pericarditis; no adhc- 

Langenieux28 gjons, 

1928 


Peacockis 

1854 

55 

M 

1020 

3.25 

1.6 cm. Aortic valve deformed; aortic in- 
sufiiciency. 

Wallace29 

1880 

21 

M 

1020 

2.1 cm. 

Deformed mitral valve; admits one 
finger; deformed aortic valve 


with vegetations some of which 
were calcified ; vegetations extend 
for 1 inch on anterior ventricular 
wall. 


Grant3o 

1933 

49 

3\I 

1020 

with 

aorta 

Sj'philitic aortitis; aortic imsuf- 
ficicncy. 

Willius and 
Smiths 1 

1934 

40 

M 

1017 

Deformed aortic valve; aortic 
stenosis. 

Roussysa 

1903 


M 

1010 2.5 cm. 

Aortic and mitral imsuHiciency and 
stenosis; aorta moderately di- 
lated. 

Caboti2 

1926 

19 

M' 

1000 

Pericardial and mediastinal adhe- 
sions; aortic stenosis. 

Caboti 2 

1926 . 

50 

M 

1000 

SyphEitic aortitis ; aortic regurgita- 
tion; aneurysm. 


insufficiency and pericardial adhesions. Five specimens were either 
inadequately described or were associated with insufficient cliange to 
account for the extreme enlargement. 

The nine eases constituting our series, summarized in Table IT, 
differed in some respects from those reported in the literature. There 
was only one instance of pericai’dial adhesions. Aortic valve de- 
formity with insufficiency was present in six imstances, in one of which 
a mitral valve defect coexisted, and in four arteriosclerosis was also 
present. Nephrosclerosis ivith hypertension hut vdthout pericardial 
adhesions or valvular deformity was present in two patients. Tlie 
associated lesions in our series thus differed in several I’cspects from 
those described in the literature. This may be due to the older age 
of our patients, to the greater incidence of syphilis and hj’pcrtension, 
and to the more frequent recognition of syphilitic lesions as compared 
with observations made in the nineteenth and verj’^ early part of the 
twentieth centuries. Routine blood pressure observation has been 
the rule for tlie past twenty-five years but was hardly practiced be- 
fore that time. A further factor in the difference between the two 
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sei’ies is tlie fact that five of our nine patients were negroes, in whom 
syphilitic cardiovascular disease and hypertension are very common. 

The occurrence of extreme cardiac enlargement wth insufficient 
pathological change in the heart or other structures to account for 
such increase in weight has been reported by several observers in- 
cluding Cabot, Whittle,^-* Levy and Rousselot,^^ and Braclc.^® A 
diagnosis of extreme idiopathic hypertrophy is probably inadequate 
in most instances in adults. Kugel and Stoloff“® in their survey of 
congenital idiopathic hypertrophy found only seventeen “true” in- 
stances, in wMch few of the patients lived beyond two years of age, 
the oldest being nine at death. Tliere are, nevertlieless, instances in 



Fig-. 1. — Teleoroentgenogram showing enormous boot-shaped heart, 
the right auricle, widening of the aortic shadow, extension of the ventncuiar si.aJO.. 
to the left, and marked hilu.s conge.stion. 


which an adequate anatomical or functional cause cannot lie iouncl v, ith 
our present methods of examination, the following case report being 
such an example. 

REPORT OP CASE 

P. E., a colored laborer, thirty-three years of age, entered tlie Cook County Hos- 
pital Feb. S, 19S5. Three years previoui^ly be had noted ’'fluttering of the heart 
and orthopnea for which he had been treated with digitalis until the present. His 
symptoms became progTc.=sively worse and were particularly severe in the tfiree 

months preceding admission to the liospital. 

In 3919, at eighteen years of age, the jKitient had a j>erilonsiIlar abscess ’with 
subsequent frequent recurrent tonsillifi.s until one year ago, tvhen a tonsilleetotn;. 
was performed. He had malaria in 1915, a Hcisserinii infection in 1922 and ad- 
mitted receiving antisyphilitic treatment. 
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On admission the patient was dyspneic and ortlioiincie. Tiie pupils were re^piliir 
and equal and rcaeted to liglit. Tiie nuieotis jnouibranes wore pale., I’int* crepitant 
rales were jtresent :it both lun^ Imses: the liver was tender and extended alrno.-! 
to the uinbili(;us; and tlioro was edema of tlie lower extremities, penittib. abdominal 
wall, and lower back. Auricular tibrillation was noted, the vontriciitar rale averatt' 
ing about 90 per minute. The transverse diameter of tlio heart tvas enormously 
increased as was the extent of dullne.'^.s across the upper stemum. Xy.'tolic citul 
diastolic thrills and corresponding rough murmurs were noted at tlie aortic area 
;ind over the carotid arterie.s. There was a diastolic murmur at the apex as well as a 
sy.stolic murmur, the latter being transmitted to the tixilla and Ij.nck, Tiie puimoni(‘ 
second tone was accentuated. 

A teleroentgenogram (Fig. 3 ) of the chest revealed an enormo'je]y enlarged boot- 
shaped heart. 'I'he Wa.esormtinn reaction was ncgtitive. Albumin, a few red and 
white blood cells, and an occasional hyaline and gninukir cast were present in th>’‘ 



Triir. 2 Draw’incr sliowiim c-xtremo cnlarpoir.enl of ti'.e luart, n-.'irs* 

Oft of the ventricular walls, and comparatively incmnlbcant cimii.ces o, 
.'allots. 


i.i tliicb'.'!!- 
tljc 


urine. Tlie blood urea w.ns I’..'!.:: an-i the .-r.'atininc. Abl mg. }*er Iflb e.o. A s 
blood pressure determination was 17fb d;i but was utuciiabie Is'i.aus" of ibo oaI’ 
auricular fibril In t ion. 

The elinical diagnosis was chronio rheumaii-* hear! disea<.e: double m-tra! 
aortic lesions; marked oardiao hypert ropiiy : auricular ill.rubuion: nmwn 
.s\q')hilitic aortic regurgitation was considered as a pe.'-ible tsa 
' One week after entrance tlse patieni contr.e'ted ery.ApcIa,- ami dbd Fob. 
193,"). 

Aeeroj.sp wvenlcd the following: The jK-n.-urdml s:w extefab-! s : 

of the midstonial line and to the lelt midaxiUarr line, t !ie .'-.a rot 
. sero.'-a n guineous fl u id . 


ingl" 

■ting 




The hetirt weighed 3.-17A gr:!m- 
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Tim left vvatficic 


the right 10 mni. The myocar'liuui wa.-- fuirp 


rrr-'. 


very sett. nr. -I 

aortic leailets were slightly roliod. lae cerr.tni-sa.rv-', t::4l ?»'. .-..i i. j-o 
middle aortic lea tlets.' were obutemte-l by llrm The mabyardium r 
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left ventricle was deep purple red, mottled witli purple gray. The trabeculae 
were flattened. The aortic ring was 99 mm. in circumference. The intima of the 
aorta was discolored cherry red and studded with isolated hyaline plaques in the 
ascending portion. The intima of the descendens was smooth and stained deep 
cherry red. The circumference of the pulmonic ring was 100 mm. The intima of the 
pulmonary artery was smooth and stained red. Both coronary arteries were thin 
walled and their intimae smooth. 

The kidneys weiglied o25 gm. Their capsules stripped with ease leaving a smooth 
purple red surface. The sectioned cortex averaged 7 mm. The architectural markings 
were indistinct. At tlie upper pole of the right Iddney the renal vein was occluded 
by an adherent thrombus. The thyroid showed no abnormal changes. 

The microscopic report by Dr. Eichard H. JafCe is as follows : 

“The fibers of the myocardium (Fig. 3) are considerably increased in thickness. 
The longitudinal striation is very prominent, but the cross-striation is often obscured. 
The nuclei are of irregular shape and rich in chromatin with a small amount of 
golden yellow pigment about the poles of the nuclei. Tlie muscle fibers are atrophic 



Fi". 3. — Photomicrograph (X30) of the niyocarJlum of lieart weighing 1.17.") 
gm., showing the hypertrophy of the muscle libers, small focal areas of muscle 
atrophy, and Increase in interstitial connective tissue. 

in small focal areas, but the interstitial tissue is increased, dense and scarlike. Out- 
side of these areas the muscle fibers arc separated by a scanty and moderately cellular 
stroma. The connective tissue septuins about the larger vessels are thickened and 
contain recent extravasations of blood. The arteries and arterioles do not show any 
abnormal findings. The endocardium is slightly thickened. Special stains to demon- 
strate glycogen in the myocardium failed to reveal abnormal deposits of this sub- 
stance. 

‘ ‘ The glomeruli of the kidney are of moderate cellularity and the capsuhir space is 
empty. The epithelium of the convoluted tubules shows marked autolytic disintegra- 
tion. There is a moderate thickening of the walls of the atferent and interlobular 
arterioles and insignificant thickening of the intimae of the arciform and interlobar 
arteries." 

Anatomical Diagnonis. — Erysipelas; very nuirked hypertrophy and dilatation of the 
lieart; septic staining of all the organs especially' of the aortic intima: slight fibro- 
plastic deformity of the aortic leaflets tvjth imsulliciency of the valve; chronic passive 
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congestion of the liings^ liver, and kidneys; anemic infarct of rhe ^iih'r'n; ihrnaihce i?- 
of a branch of the right renal win to the upjfer pole: chronif' livyierphirin <>i tm 
spleen, chronic cholecystitis and cholelithiasis: slight hydropericardiuni. 

DLSGUSSION' 

The striking frequency of adliesions of tlic porieardiinn in the pa- 
tients prcAdoiisly reported and the equally striking infrequeney of this 
finding in our series of very large hearts is anothcj- extinqtle of liotv 
misleading such statistics ])ased on relatively fcv.- eases can be. Rheu- 
matic infection vas more common in the younger jtalienls who form 
such a large proportion of the eases of very large licarts jtreviously 
reported. Our series comsisted of proportionally more colored patients 
and persons more than forty years old. There was, therefore, a greater 
incidence of syphilitic aortic valve involvement and hyjsertensive 
phenomena, but this does not explain the comparative infrequency of 
pericardial adhesions in our series. Close stud}' of the anatoinienl 
descriptions, incomplete as they are in many in.stanecs in tlm litera- 
ture, reveals that pericardial adliesions alone were prc.sent in only 
five instances, although such adlK'simis are reported in almost half of the 
series. A valvular defect, nsuaily aortic insufiicicncy, was also present in 
many and was probably partl.v i-esponsible for cardiac (?nlargement. 

The pathologist, as well as the clinician, is sometimes confronted 
by the impossibility in given instances to explain tlic cause of cardiac 
enlargement. Hypertension, tiiyroid disease, or oilier causes ass-uimd 
to have existed prcAUOU.sly are merely assumptions and therefore do 
not really explain the changes found in the heart. Dislurbniice.v of 
glycogen metabolism have been associated witli enlargement of .sev- 
eral organs, including the heart, Imt were excluded in our first pa- 
tient. It may he incorrect to state that no cause can be found for 
extreme cardiac enlargement in some itisiauce?;, but we imi^t admit 
that present methods of investigation failed to reveal a .satisfactory 
cause for the large heart found in our patient. We arc forced to re- 
port this ease as idiopathic cardiac enlargement, an instauee in which 
the pathological changes found at autopsy vecro far from adequate to 
serve as a c"ompletc explanation for the extreme si^c of the lienrt. 

SU3IMARV AN'D CONCLUSIOX.S 

1. Although onlv ihirly-eiglit reports of hearts welglnn- l-OfiO via. 
or more could be found in the literature of the past century, ninv such 
speeimens were observed in patients admitted to the Cook County Hos- 
pital in the past eight ycaics. 

2. The unrcliabilitv of statistics based on small numbers of pa- 
tients is again empbasiml when our^grmip of nine lifmrts wrieddnv 
I.OOO gm, or more is compared with the repnrrs v.i !ho iitoratur.', 

n. Only one of onr nine largo lieart-s vras nssoeirsted witn penor.toa:-] 
adhesions, while almost half of tlm^o previotjmy reported were -.nt 
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posedly due to pericardial adhesions, eitlier alone or in combination 
with valvular disease. 

4. The great predominance of males in both series is striking and 
cannot be easily explained. 

5. Aortic valve deformity, usually insufficiency, was the most fve- 
quent valvular lesion found in our patients and in those previously 
reported. 

6. A patient whose heart Aveighed 1,475 grams is reported in detail, 
and the point is emphasized that no adequate explanation can be of- 
fered either from clinical or anatomical study of this case. The term 
“idiopathic” is probably appropriate in this instance as ^yc do not 
knoAv the cause, and the anatomical changes are far from adequate 
to explain such extreme enlargement and hypertrophy. 

Note. — are indebted to Asliton Miller, Esq., St. George’s Hospital, London, 
for Idndlj' fumi.shing the information conceming the large heart formerly at the 
museum of the hospital, and we vish to acknowledge the suggestions of Br. L. N. 
Kaftz in the preparation of this report. 
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curves in whieli the main initial deflection was downwardly directed. 
In Lead III the main initial deflection Avas negatiA^e Avhen stimulating 
various sites on the posterior surface of both Amutricles and Amrious 
sites on the anterior inferior portion of the left ventricle. It Avas 
• positiAm AA’^hen stimulating the rest of the anterior surface of the heart. 

In order to rule out the possibility that this might be a species 
peculiarit3^ limited to the cat, it AA'as decided to repeat the experiments 
in the dog’s and the monimy’s hearts; the latter, in many respects, be- 
ing more like the human heart than that of anj’’ other experimental 
animal. In the experiments on the dog it was possible to obtain other 
information concerning the effect on the electrocardiographic con- 
tour of these ectopic beats by changing the position of the heart and, 
also, by altering the nature of the electrical conductors in contact Avith 
it. This last aams done in order to determine whether or not such a 
procedure Avould modify the contour of the ectopic beats as it does 
that of normal beats (Katz and Korej’’^^ and Katz, Gutman, and 
Oeko’^^). 

In this report, therefore, three lines of investigation are presented : 
(1) further data as to the basic factors underlying the electrocardio- 
graphic form of experimentally produced ectopic ventricular contrac- 
tions in the monkej’- and dog; (2) the effect produced upon the con- 
tour of these ectopic beats by displacing the heart from its normal 
experimental position ; and (3) the effect produced upon their con- 
tour by altering the normal electrical field surrounding the heart (a) 
by the application of shunts betAV'een certain sites on its epicardial 
surface and distant portions of the body and (b) Iw placing an insula- 
tor betAveen the heart and the posterior muscle mass. 

3IETHOD 

The experiments were performed upon three rhe.sus monkey.*? and six dogs, the 
former being anesthetized by the intraperitoncal injection of dial (O.G c.c. per 
kilogram of body weight), the latter by the intravenous injection of sodium barbital. 
Thi.s series was con-sidered large enough since the results were generally con.sistcnt 
and since an almost unlimited number of points could be studied in each animal. 
The preliminary steps were .similar to those dc.«cribed in a previon.s paper.’o 
Artificial respiration was begun, and the heart was exposed by removing the sternum 
and adjoining portions of ribs and cartilages. The pericardium was slit and 
used to make a hammock for the heart. Stimuli ivere then applied by means of an 
electrode consisting of a No. 20 hypodermic needle with a fine insulated Avirc passing 
through the center. The outer tube and the inner wire were each led to the terminals 
of a secondary coil of an inductorium. The entire electrode Avas in.^ulatcd except for 
the free edge of the needle and the tip of the wire. When the posterior wall Avas 
being stimulated, a similar type of electrode Avas utilized except that it had 
a fiO® bend close to its tip; the normal position of the heart further being main- 
t.ained by light pre.ssurc on its anterior surface Avith a gloved hand. A series of 
ectopic ventricular contractions for each site of study wns obtained by mean.s of 
the LoA’.'is interruptor connected to an inductorium, the effeetU’e stimuli being break 
shocks produced at a rate slightly greater than that of the sinu.s pacemaker. The 
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or small diphasic initial complexes were joined, it was found that a 
line of transition consisting of two limbs could he mapped out, one 
running on the anterior surface of the ventricles from base to apex, 
the other on the posterior surface, with hotli meeting at the apex of 
the heart. As in the eat,“ this line of transition in both the monkey 
and the dog did not conform to any anatomical boundaries between 
the two ventricles. It ran for the most part obliquely on the left 
ventricle some distance to the left of the interventricular grooves, ex- 
cept that in the ease of the monkey’s heart, the basal portion of the 
anterior limb tended to extend onto the right ventricle over the 
conus region (Fig. 1), a finding not as constant in the dog. 

A 


B 


Fig. 1. — Diagrams of anterior and posterior aspects of the heart of the inonkej 
.4, and the dog, B, to show the average position of llic lines of tran.siuon. The 
anterior aspects of the hearts are on the left and the posterior on the riP*'*- 
Dotted lines represent line of transition for Lead I and dash lines for Lead iii. 
Discussed In text. 

A line of transition, which followed a different course from that of 
Lead I.” was similarly mapped out for Lead III. It was found that 
the direction of the main initial defieetion of the eurve.s obtained from 
the ba.sal anterior surface of both the right and left ventricle.s was 
consistently positive, and only when the stimulating electrode ap- 
proached the lateral borders of the ventricles did a tran.sition occur. 
This transition consisted of the appearance first of a diphasic initial 
complex with a small negative wave and a large positive wave; then 
the negative phase gradually increased in size and the positive phase 
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were in the same direction. Furthermore, the width of the initial 
complex in these instances was generally within normal limits or only 
slightly increased, and the amplitude of the wave even less than that 
of the normal QES complex. In other words, the curves of ectopic 
ventricular beats obtained by stimulation near the line of transition 
of a lead did not possess any of the characteristics usually a.ssociatcd 
vdth such electrocardiographic records. The differences between the 
so-called typical and atjrpical type of configuration were clearly 
brought out when simultaneous tracings of Leads I and III were 
taken. Figure 2 which presents curves (Curves 3 and 6) obtained by 
stimulation in the vicinity of the anterior and posterior interventricu- 
lar grooves, points near the line of transition for Lead I, exemplifies 
the difference in the time span of the deflections in the two leads and 
also demonstrates that the time of onset and offset of the initial and 
terminal waves in both is deflnitely out of phase. Li the light of the 
above, therefore, it must he stressed that the designation of one of 
these tracings (i.e.. Lead III) as typical of a record of a premature 
ventricular contraction and the other (i.e.. Lead I)' as atypical is not 
justifiable, since there are numerous sites, stimulation of which will 
produce curves falling into the latter category. 

Examination of Fig. 1 reveals that a so-called right ventricular type 
of curve, i.e., one with a main deflection that is positively directed in 
Lead I, can be obtained not only from the entire right ventricle but 
also from a strip of left ventricle adjacent to the interventricular 
grooves on both surfaces. Fui'ther, in the monkey a left ventricular 
type of curve could be obtained from the conus region of the right 
ventricle. In other words, in the case of the dog and monkey, as well 
as in the cat, one cannot localize with certainty the origin of a pre- 
mature ventricular contraction to either ventricle merelj’- on the basis 
of direction of the main initial deflection. The information derived 
from Lead III will help to limit the site of impulse origin to one or 
the other aspect of the heart, although here again the anterior in- 
ferior portion of the left ventricle is an exception, in that stinnilation 
in this region produces a tj’pe of cuiwe similar to that obtained from 
the entire posterior surface of the ventricles, i.e., one containing a 
negatively directed main initial deflection. 

The so-called concordancj’ and discordancy relationship which was 
flr.st emphasized by Lewis'^ and to which has been attached consider- 
able significance by subsequent investigators’- ® appears in the light 
of the above findings to be merely a fortuitous one. In other words, 
the fact that the direction of the main deflection in Leads I and III 
is the same (concordant) or dissimilar (discordant) by itself docs not 
add to the information which can be obtained by an e.vamination of 
each lead in succession. TTowever, since the lines of transition for 
Leads I and ITT intensect. the .surface of the heart can thus be divided 
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surface. Thus, the line of transition for Lead I seemed to retain its 
relation to the hod}^ and to the recording lead line (i.e., a line extend- 
ing between the two shoulders anteriorly) udthin narrow limits during 
these rotations, although its exact position on the heart surface varied, 
of course, with the degree and direction of rotation. On the other 
hand, when the apex of the heart was moved to the right or to the 
left, without permitting rotation of the heart on its own long axis, 
or when the apex Avas. elevated sternad or depressed vertebrad, very 
little change took place in the location of the line of transition for 
Lead I on the heart surface. Obviously then, the relation of this 
line to the body and to the recording line of Lead I Avas altered by 
these last procedures, contraiy to AA’hat occurred AA'hen the heart Avas 
rotated on its OAvn long axis. 

In the case of Lead III, the greatest change in the site of the line 
of transition Avas also observed Avhen the heart Avas rotated on its 
OAAui long axis. Under these conditions the line Avas displaced from 
its location on the lateral Avail of the A’^entrieles onto their anterior or 
posterior surface depending upon the direction of rotation. Again 
the position of the line of transition altered little Avith respect to the 
body. With elevation or depression of the apex of the heart, a slight 
change in the location on the heart of the inferior portion of the line 
Avas noted, but none occurred AA'hen the apex Avas displaced to tlie 
right or left AA'ithout rotation of the heart on its oAvn long axis. In 
other AA'ords, Avith these latter procedures, the line of transition 
changed Avith respect to the body. It Avould, therefore, appear that 
only AA'hen the heart is rotated on its oaaui long axis and not disturbed 
otherAvise AA'ill there be no shift in the relationsliip of the lines of 
transition to the recording lead lines and to the body as a aa'IioIc. 

Effect Upon the Electrocardiographic Contour of Ectopic Ventricu- 
lar Beats hy Altering the Electrical Conductors in Contact With the 
Heart . — In order to determine AA'liether altering tlie conditions under 
AA'hich the electrical currents are conducted aAA'ay from the heart 
Avould in turn affect the type of cuiwe produced l)y ectopic beats 
elicited from the ventricles, an attempt aaus made to introduce an 
artificial effectiA’e pathway to distant portions of the 1)ody by means 
of a shunt. Second, by placing a rubber .sheet under the heai’t, tlie 
effect AA'as also noted of eliminating to some degree one of the most 
important electrical conductors of the heart currents, tlie posterior 
muscle mass.“ 

It AA'as found that, AA'hen a .shunt Avas made in the dog betAA'cen the 
anterior surface of the right A'entricle and the right axilla (i.e., near 
the right arm electrode), practically no alteration aa'rs noticed in the 
eurA'cs recorded AA'ith Lead III. IToAA'CA'cr, in the ca.se of Lead I there 
AA’as a definite change in the location of the line of transition. Its 
anterior limb, instead of running doAA'nAA'ard OA'cr the left A'cntriclc, 
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ventricle in Lead I resembling that obtained from the left ventricle. 
In other words, in the dog and monkey, as in the cat, one cannot with 
certainty localize the site of impulse formation to one or the other 
ventricle merely upon the contour of the electrocardiographic record 
of Lead 1. "With regard to Lead III, the form of the record appeared 
to depend upon whether the anterior or posterior surface of the heart 
was stimulated, an exception being the anterior apical portion of the 
left ventricle, .stimulation of which in this lead gave emwes reseraliling 
those from the posterior surface. The terms “concordancy” and 
‘'discordancy,” as applied to the relative direction of the main de- 
flection of ectopic ventricular beats in Leads I and III, did not con- 
tribute any more information in localizing the site of impulse initia- 
tion than could be obtained from an analysis of each lead separately. 
Their usage, therefore, appears to be supeifluous. Stimulation in the 
rfeinity of a line of transition for a lead resulted in tracings which 
contained initial and terminal complexes that were of small amplitude, 
at times in the same phase and generally only .slightly vddened. Since 
these curves could be obtained from numerous sites on the epicardial 
surface of the ventricles, their de.signation as atjTpical i-ecords of pre- 
mature ventricular contractions has no real basis. 

With rotation of the heart on its oivn long axis, the line of transi- 
tion for both Leads I and III remained practically unaltered ’ivith re- 
spect to the long axis of the body, although the actual location of the 
lines on the heart surface was changed depending upon the degree and 
direction of the displacement. 

When, however, other types of change in the position of the heart 
were produced by shifting the apex, this constancy of the lines of 
transition were then found to remain practically fixed on the heart 
and to alter in relation to the body in proportion to the angular dis- 
placement of the heart. Besides these latter displacements of the 
heart, alterations in the character of the electrical conductors in con- 
tact with it affected the contour of electrocardiographic records of the 
ectopic ventricular contractions, and accordingly, the location of the 
lines of transition on the heart sui’facc and also their location with 
respect to the body. 

These results do not conform wholly with the generally accepted 
concept of localization of ectopic ventricular beats. They .support the 
idea that besides the location of the site of oi'igin of ectopic beats with 
respect to the recording lines of the standard leads and the mas.s of 
ventricular muscle as a whole, the position of various regions of tlie 
heart to the good and poor electrical conductors in contact with it 
plays a significant role in determining the electrocardiographic con- 
tour. The relation of the point of stimulation to the two networks of 
Purldnje appears to exert only a minor influence. 
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The observations here reported give a systeinatie perspective of the 
way in which the location of ectopic ventricular ’ueats sliould be de- 
rived from the electrocardiographic records obtained witli the indirect 
leads. 
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DISPLACEMENT OF THE ESOPHAGUS BY CARDIAC LESIONS 
OTHER THAN MITRAL STENOSIS'^ 

Andrew Babey, M.D.f 
Brooklyn, N, Y. 

'^I-IE advantage of radiological studj^ of the left auricle in the first 
(or right) oblique position, with barium in the esophagus, is estab- 
lished by the literatui'e which has slowly accumulated on the sub- 
ject.^’ It is espeeiall.y serviceable in the diagnosis of mitral stenosis. 
Yet in this clinic we have been impressed by other forms of heart dis- 
ease which may cause backward displacement of the esophagus similar 
to that resulting from mitral stenosis but without tlie same significance 
in diagnosis. The eoiiditions mast commonly found to give rise to con- 
fusion ai’C congenital heart disease, aortic stenosis and incompetence, 
hj'pertensive heaH disease, auricular flutter and fibrillation, and heart- 
block. Rarely, a cardiac aneurysm has a similar effect. 

These observations deal only with alterations in the barium-filled 
esophagus as seen in tlie first (right) oblique position, i.e., witli the 
patient turned about 45° to the left with the rir/ht shoulder toward the 
screen. Occasionally rotation to 60° to 80° shows di.splaeemcnt better 
than rotation to 40° to 60°. For vi.sualization of the esophagus cito- 
baryum of the consistency of thin paste was used. Radioscopy was used 
as a preliminary in all cases and telei’adiograms were then taken in the 
standing posture during full inspii’ation, though this docs .straighten 
out the esophagus and tends to diminish any curvature present. 

ANATOAIY 

There are five important structures which may affect the contour and 
position of the asophagus (Figs. 1, 2). From above downward, they 
are the aortic arch, the pulmonary artciy (with the left bronchus), 
the left auricle, the left ventricle, and the descending aorta, which 
impinges on the esopliagus as the latter crosses in fi-ont of the aorta 
before penetrating the diaphragm. No attempt beyond certain neces- 
sary generalizations will be made to review the detailed anatomy. For 
this we refer the reader to the work of Parkinson and Bedford’'* and 
Evans,’® and for the topographical anatomy”, to Corning,® particularly 
his Figures 248, 249, 2.53, and 307. The right auricle, even when 
massive (Fig. 3), does not appear to pre.ss upon the esophagus, nor 
has the right ventricle aiy direct relation mth it. The left auricle (or 
atrium) con.stilutes the major portion of the pasterior aspect of the 


•From the CnrdU'ic Department of the Ix>ndon Hospital; Dr. John Parkinson, Chief. 
fBorven Scholar. Xi%v York Aeaueniy of Afcdlcine. 




I'lg. 1. — Course of normal osophaRus in mnn. .-UTed foi ty-foiir years. no heart 

disease, i'ioto straight descent of esopliagns Ixdow tnilmotiarv ar’terv (left broisclnic) 
impression. ' ' 

-'lo., aortic impression; P.A., pulmonary artery (left bronchtifi) imprc.e.sio!» • JJn 
bariiun-fllled esophagus. ' '' 

Fig. 2. — Normal straight descent of e-iopl.agus in male, aged niiiete-;n ve.-ir;:, tvlth 
no evidence of iieart disease. A loft auricular iinpr<'.«sion slmiUir to thi.s iV oc‘ca.s!on- 
ally seen in normal patients. There is no displacement of tiie. e.s-opliagu.s. 

L.A., left auricular impres.slon. otlier aiduevia lions same as in Fig. 3. 
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heart, and it is to changes in its size or position or boOi tliat alterations 
in the esophagus are to be attributed (Fig. 4). According to Eigler,-^ 
the posterior portion of the left ventricle is in contact low in the thorax 
with the anterior wall of the esophagus over a distance of about 2-3 cm. 
Evans^*’ feels, however, that it is rare for the left ventricle of a healthy 
subject to make contact with tlie esophagus. In heart disease associated 
wdth a large left ventricle this contact is not uncommon, as will be 
shovui, and it produces an impression situated below that caused by 
a large left auricle. 


CONGENITAL HEART DISEASE 

Congenital heart disease, as noted by Paterson^^ and by Brown and 
McCarthy,^ verj" infrequently affects the position of the esophagus. In 
our series, tlrree cases were foxmd presenting backward deviation of the 
esophagus. One patient had coarctation of the aorta, a large left ven- 



Rlgr. 4 . — Mitral stenosis and aortic Incompetence in lemaie, agred twenty-six years. 
Note combined aortic and pulmonary' artery (left bronchu.s) Impression and sharp 
angailation caused by left auricle. Prominent conus. 


tricle and striking delation of the esophagus (Fig. 5); the second 
had a patent ductus arteriosus, large heart (Fig. 6) and a slight gen- 
eral bend in the esophagus; the third had an interatrial septal defect. 
Tlie patient with coarctation of the aorta came to necrop.sy and a massive 
left ventricle and noi’mal left auricle were found, though the x-ray 
appearance suggested a large auricle. The congenital lesion which most 
readily deforms the esophagus like mitral stenosis is interati’ial septal 
defect. Raster’s case"® presented a curve in tlie barium-filled e.sopliagiis 
exactly like that of mitral stenosis, and at autop.sy the left auricle was 
enlarged. Dr. Hoyle and Dr. Stibbe have kindly lent me records of a 
patient with congenital heart-block and interatrial septal defect in wiiicli 
the deformity of the esophagus ivas remarkably like that produced by 
mitral stenosis (Fig. 7). At necropsy the left auricle was found to be 
much enlarged. 
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mitral stenosis was entertained. In one instance of pure aortic stenosis 
there was slight, gentle, backward displacement of the esophagus (Fig. 
8). xlnother similar ease was seen recentl 5 L Aortic .stenosis was pres- 
ent, and the left auricle was moderatelj' enlarged by radioscopy. \ Death 
followed an attack of scarlet fever; at necropsy the mitral valve was nor- 
mal, advanced aortic steno.sis was present and the left auricle was inod- 
eratety enlarged. 

AORTIC IN'CO>IPETI5XCE 

There is an occasional reference in the literature to displacement of 
the esophagus by the large heart of aortic incompetence.^®’ White®" 
has described a ease of pure aortic insufficiency of rheumatic origin in 
which the esophagus was displaced to the right on anterior view. At 
necropsy an enlarged left auricle was found, due, according to White, 
1o the chronic failure of the left ventricle. Hinterreger's case” was 




Fig. 9. — Syphilitic aortic incompetence in male, aged sixty years. Blood pressure, 
170/SO. Wassermann reaction, positive. Siov.' backward deviation of esophagus wiUi 
a more sharp angulation lower down over the r,egion of the left ventricular impression. 

Fig. 10. — Aortic Incompetence, probably .syphilitic, in male, aged .sixU'-three y-ui'S. 
Gradual backward shift of esophagus, the change occurring appreciably below the 
usual site of the pulnionaiy artery (left bronchus) cur^’e which Is not seen here. 

one of syphilitic aortic insufficiency with marked stenosis of the esopha- 
gus. At neerop.sy there was moderate dilatation of the left auricle as 
well as a large left ventricle. 

In this clinic we have noted several examples of backward shift of 
the esophagus in patients with aortic in.sufficiency in whom there was 
no fibrillation, no congestive failure, nor any evidence of mitral di.sease 
(Figs. 9 and 10). 

IiyPERTENSrO.V 

Kovacs and Stoerk,’'’ Brown and Reineeke, ’ and other.s recognized 
that some abnormality in the coui'so of the e.sophagus might he .seen 
in advanced hypertension, but pointed out it5 .slight character com- 
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THYROTOXICOSIS 

Uneoraplicated thyrotoxicosis may, if severe and of long standing, 
modify the shape of the heart and cause slight enlargement, especially 
in the area of the pulmonaiy conus, so that in the anterior view the 
heart may resemble that of mitral stenosis. However, the left auricle 
in the first oblique position is not enlarged,^"’ though Mej'cr-Borsteb'' 
reported a regular increase in its si^e which made it difficult or impos- 
sible to exclude mitral .stenosis. It is in the group of cases designated 
thyrotoxic hypertension by Parkinson and Hoyle^^ that alterations in 



Fig, 13. Elg. J-l. 


Fig. 13. — Auricular fibrillation for nine years in male, aged sixty-two years, 
placement of e.sophngus over regrion of left auricle. Very little change in Cfirly Pirns. 

Fig. 14. — Auricular flutter for three year.s in male, aged seventy-two yeans. Normal 
rhythm for ten months. Prominent left auricular bulge beginning sharply below the 
pulmonary- arter.v (left bronchus) cuiwe. He.art not much enlarged. 

position of tiic barium-filled esophagus may occur. If, in addition to 
a large left ventricle, fibrillation or failure, or both, are pre.sent, the 
displacement of the esophagus may be very striking and somewliat .sug- 
ge.stive of mitral .stenasi.s (Fig. 15). 

It is important in thyrotoxic hypertension to exclude the presence 
of mitral stenosi.s. On physical examination this may occa.sionally he 
difficult, for both hj'pertension and thyrotoxico.si.s may cau.se deceptive 
.sign.s at the apex. It is in snob cases that a study of the barium-fined 
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placed. Bedford (personal communication) had a similar case in which 
barium studies showed a marked displacement of the esophagus, as in 
mitral stenosis. An aneurysm of the heart may also affect the esophagus 
directly as in the case reported by WoKerth and Wood.®^ In their 
patient radioscopic study showed “slight obstruction to the passage 
of barium in the low'er end of esophagus,” which was ascribed to pres- 
sure of an extreme^ enlarged heai't. At autopsy “a large aneurysm 
protruded from the posterior surface of the left ventricle.” 

COMMENT 

t 

The explanation of the changes in esophageal contour and position 
herein described rests partly on increase in size of the left ventricle, 
partly on increase- in size of the left auricle, and partly on displace- 
ment backward of a normal or hypertrophied left auricle. Occasionally, 
as in one case of aortic insufficiency, the large left ventricle alone causes 
a depression low down in the course of the esophagus which is not dif- 
ficult to interpret. Occasionally, as in hypertension, the left auricle, 
taking part in the general cardiac enlargement, causes an abnormal 
impression on the esophagus. If, as not infrequently happens, the left 
ventricle is very large, it displaces backward this hyj)ertrophied left 
auricle to cause either a more prominent depression over the area of 
the left auricle or a more diffuse displacement over the region of the 
left auricle and left ventricle. If fibrillation of the auricles or pul- 
monary congestion is present, these are other factors making for greater 
prominence of the left auricular impression. We may expect low inden- 
tation, a middle indentation or a diffu.se, slow', general curve, depending 
on how many factors are playing a part. The low curve is ea.sy and 
the general curve usually not difficult to distingui.sh, for it is not abrupt 
or sharp in its origin as in mitral .stenosis. The middle curve, where 
the pulmonary veins and left auricle plaj' the chief parts, is mo.st dif- 
ficult and frequently quite impo.s.sible to distinguish, for the devia- 
tion of the esophagus may be exactly as in mitral .stenosis. Particular 
attention must then be paid to absence of a prominent pulmonary conus 
and absence of the square-shaped Jieart so common in mitral stenosis. 
All available evidence must be properly appraised before a diagnosis is 
made. 

In the nonvalvulai’, nonhn>crtensivc eases w'ith backw-ard displace- 
ment of the e.sophagus other phenomena explain the curve. Fibrilla- 
tion and flutter place a special strain on the auricles, which may dilate 
and produce a bulge in the e.sophagu.s. Interatrial defect may mechan- 
ically do the same thing and the picture closely .simulate mitral stenosis. 
In heart-block general increase in heart size, with ballooning of the 
left auricle, explains the backward deviation. Aneurj'sm of the heart 
])roduces its effect directly, when it is due to a posterior infarction, of 
indirectly when it is an anterior infarction. 
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Liddell, E. G., and Carleton, H. M.: Dietary and Emotional Factors Affecting the 
Blood Pressure of Cats, Observed by Exteriorization of the Carotid Artery, 
Quart. J. Exper. Phj'siol. 26: 1:1:1, 1936. 

Cats are naturallj' better subjects for experiments on the physiological effects of 
meat and liver than rabbits because the}' retain such food much better and are 
able to store protein rapidly in their muscles. An operative procedure is descriljcd 
for exteriorizing the carotid artery of cats. The effect on the blood pressure of feed- 
ing cats raw meat has been studied in some animals for as long as twenty months. 
During the time of observation there was no permanent rise in blood pressure after 
a raw meat diet. The effect of emotion and hunger on the blood pressure was 
much more marked than the effect from a raw meat diet. 

E. A. H. 


Hoff, E. C., and Green, H. D, Cardiovascular Eeactions Induced by Electrical 

Stimulation of the Cerebral Cortex, Am. .7. Physiol. 117: 411, 1930. 

The blood pressure and heart rate were recorded by mcrcuri.-il and optical 
manometers during the stimulation of the cerebral cortex of forty cats, eighteen 
monkeys, and one chimpanzee under light ether anesthesia. The data obt.iincd 
indicate that there is a cortical mechanism which can influence the state of^ the 
cardiovascular system and that the organism may bring this mto play to make adjust- 
ments in the activity of the heart and circulation. That these re.sponscs are initiated 
by stimulation of nerve elements in the cortex is indicated bj' the fact that pressor 
and depre.«sor points wore localized within 3 or 4 mm. of each other; local anesthcsi.i 
abolishes the response-s. Undercutting of the stimulated area eliminates responses 
from this area and removal of the overhang cortex with subsequent degeneration of 
the underlj-ing efierent fiber tracts pre%'ented vasomotor responses from sbmulatmn 
of these tracts. The effects can be elicited in noncurarized animals and epileptiform 
changes of muscular response are observed to occur without changes in blood pres. ure. 


Udvardy, L.: Changes in Form and Size of the Heart in Pulmonary Disease 

Pulmonary Sclerosis. Fortschr. a, d. gcb. d. Kontgenstrahlen 52: 315, 193:,. 

Bronchial asthma and chronic pneumonia, by destroying alveoli, increase pul 
monarv arterial pressure and cause; hj-perfrophy and dilatation of the Jig it le.ir . 
In cmpl.y.*^cma the heart at first look.s smaller because of the inspiratory position 
of the diaphragm. Later the right heart become.- enlarged, .and then both su o.- i - 
heart are enlarged to give a picture resembling the heart: jn mitral dis .is.. 

Pulmonary sclerosis occurs often in emphy.-ema. Pulmonarj' sclero.«is m.ay be 
primary or secondary. The heart appears bullet shaped, ami the pulmonary am 

2.'}8 
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Nathanson, M. H.: Pathology and Pharmacology of Cardiac Syncope and Sudden 

Death. Arch. Int. Med. 58: 085, 1930. 

Structural changes in the heart are usually inadequate to explain either temporary 
or fatal cardiac .sj-ncope. 

There are two physiological mechanisms in the heart which ma}' cause sudden 
cessation of the circulation: (1) cardiac standstill and (2) ventricular fibrillation. 
In the present study it was possible to manipulate the human cardiac mechanism 

(1) mechanically, producing cardiac standstill by reflex vagus stimulation, and 

(2) chemically, inducing a iirefibrillation state in the ventricles liy sympathotic 
stimulation with epinephrine administered intravenousl 3 % It has been demonstrated 
that both of -these plij-siological states may be definitelj* modified bj' drugs. 

Drugs of the epinephrine series in proper dosage will prevent cardiac standstill. 

Prefibrillation rln-thm maj- be jirevented bj' the use of quinidine or of aceljd- 
beta-methylcholine. 

Protection" of the .sjanpathetic nervous mechanism bj' general measures is in- 
dicated. 

These studies suggest an approach bv drug therapy' and b.v general measures 
toward the prevention of cardiac sj'ncope and sudden death. 

Author. 

Steinberg, Bernhard, and Mundy, Carll S.: Experimental Pulmonary Embolism 

and Infarction. Arch. Path. 22: 529, 1936. 

The introduction of a large number of emboli into the jmlnionayv arterial tree 
of a dog is not followed bj' any untoward symptoms nor is it incompatible with life, 
at least over one and one-half 3 ’oar.s, the maximum period of observation in these 
experiments. As much as 79 per cent of the dog’s total lung by weight can be 
deprived of its pulmonayv arterial circulation without causing death of the animal. 
The obstruction produced in those experiments was not of the main pulmonarj’ 
trunk (as with other investigators) but of the branching tree of the arteries. As 
far as the dog is concerned, under the conditions of our experiments there is no 
justification for the concept that multiple emboli as such cause either immediate 
or delaj-ed death bj' their presence in the lung or Iw a reflex. 

Iodized oil injected into the pulmonarj' arteries of a living animal outlines the 
arterial tree and determines the areas of the lung to which the circulation is shut 
off. Apparentlj', because of the extensive vasciilaritv- of the lungs, emboli do not 
close the blood supph- unless they are introduced in fairl.v large numbers. A small 
number of emboli maj-, however, interfere in jiart ■with the circulation to a given 
area of the lung. The mere introduction of foreign bodies into the pulmonarj' 
arteries should not lead to the assumption that an infarct must develop at the site 
of embolism. 

The lung tissue deprived of its pulmonarj' blood supply shows some restoration 
after a period of three or more weeks. The pulmonarj' arteries in the areas of 
infarction become visualized on injection of iodized oil, and canalization and newly 
branching arteries become more profuse with time. 

Tfic bronchial circulation maj' be outlined bj* injection of iodized oil in a living 
animal. In a normal dog the bronchial arteries arc verj' indistincflj- outlined. In 
inf.arcted areas the bronchial vessels are well visualized, denoting dilatation. It 
is assumed that flic dilated bronchial circulation is responsible for the failure of 
infarcts of the lung to proceed to complete necrosis and scar formation. The 
bronchial arteries dilate irrespective of the size, location, or miiltiplicitj' of in- 
farcted areas. 

Grosslj- and rnicroscopicallj’ all the criteria of hemorrhagic infarcts are present 
in the lungs of dogs witli suflicienl emboli to produce complete obstruction of the 
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photoelectric cell and a moving picture is projected. This method is useful for 
teaching since the student synchronizes auditory and visual image.s and can 
thus correlate the sounds with the eleetrocardiogram. 

L. N. K. 

Sikl, H.; Eosinophilic Myocarditis— An Idiosyncratic Allergic Disease. Frank- 
furt. Ztschr. f. Path. 49; 283, 1936. 

This is a case report of a thirty-.six-year-old woman in whom a severe dermatitis 
developed following the use of bismuth and neosalvar-san in treating a possible case 
of sj’philis. At autop.sy a diffuse myocarditi.s was found with an unusually marked 
eosinophilic infiltration. Necrosis, tuberculoid nodules, and numerous myogenic 
“Riesen” cells were found. A second similar case of a twenty-two-j’car-old man 
with primary syphilis is also reported. No tubercle bacilli or spirochetes could be 
demonstrated. The author believes that this condition is not a flare-up of syphilis 
but an idiosyncrasy to salvarsan in the nature of an allergic reaction. The literature 
is thoroughly reviewed. 

L, N. K 


Sohyal, Arthur R., and Gros^ Louis: Calcific Sclerosis of the Aortic Valve. 

Arch. Path. 22; 477, 1936. 

There have been described in this report the findings in eighteen hearts with 
so-called Monckeberg’s calcific sclerosis of the aortic valve, in nineteen hearts with 
a grossl}’ polyvalvular extinct rheumatic process, and in thirteen hearts with a 
grossly monovalvular extinct rheumatic i)rocc.ss. Attention is drawn to the essential- 
ly different gross and micro.sc;opic features of the Monckeberg and rheumatic val- 
vular lesions. It has been shown that the heart with tlie uncomplicated Moncke- 
berg process shows practically none of the stigmas of extinct rlicumatic fever and 
no other evidence which would indicate that tlie process is secondarj' to inflamma- 
tory changes. A discussion is given of the po.ssiblo mechanisms concerned in the 
development of the essential Jlonckeberg process, from wliich it appears tliat this 
is purely and primarily degenerative, its occurrence and extent depending in all 
probability on individual predisposition to collagen involution and lipoid and cal- 
cium deposition. The findings in three hearts with submarginal aortic com- 
missural bridging of noninflammatory nature suggest tliat stress and strain in 
the aortic valve may serve as additional factors predisposing to degenerative proc- 
esses. It is suggested that in certain per.son.s in whom there exists a predisposi- 
tion toward tiic dci)osition of lipoid and calcium, inflammatory lesions with sub- 
sequent deformity of the aortic valve may impose sufficient strain on the valve to 
initiate the Monckeberg process. 

Authob- 

Gross, Louis, and Friedberg, Charles K.: Nonhacterlal Thrombotic Endocarditis: 

Classification and General Description. Arch. Tnt. ^Jfed. C8: 620, 1936. 

A study was made of one hundred fifty casc.s with autopsy in which the con- 
dition was diagnosed anatomically as indeterminate, terminal, or thrombotic en- 
docarditis. In forty-seven cases there was micro.scopic evidence of fresh thrombotic 
vegetation, with little or no recent •valvular reaction, without bacteria and with- 
out associated clinical or patliological evidence of recent rhciimnlic infection or 
of atypical verrucous endocarditis. The condition wa.s termed “nonbacterial 
thrombotic endocarditis.” The remaining one hundred three of the original 
one hundred fifty casc.s considered wore discarded bpcau.«e careful hi.stological 
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This report deals with one of these groups, comprising four cases, in wliich the 
disease was characterized by prolonged fever, polyarthritis, inflammation of serous 
membranes (pleura, pericardium, peritoneum, endocardium, and synovial membrane), 
and a variety of vascular lesions. 

The clinical course was that of a general infection, but cultures of the blood 
were sterile. Tlie onset was marked by inflammatory polj’arthritis involving the 
large and small joints. Ankylosis and deformities developed in two of the four 
cases. There were pleural and pericardial effusions. SjTnptoms of endocardial 
involvement were indefinite. Symptoms of renal and cerebral involvement were 
frequent. The differential diagnosis lay between a general infection, subacute 
bacterial endocarditis, rheumatic fever, and tuberculosis. 

At necropsy there were adhesive pleuropcricarditis with obliteration of the 
pleural and pericardial caiaties; an exce.ssive quantity of fluid in the peritoneum; 
perihepatitis, and perisplenitis, with adhesions between the liver and the diapliragm, 
between the spleen and the diaphragm, between the intestines, and between the 
parietal and the visceral peritoneum. The sjTiovial membranes, in the two cases in 
wliich tliese were available for examination, were tliiekened and edematous and 
showed marked endothelial liyperplasia and cellular inflammation witli occasional 
perivascular infiltrations. The heart showed nonbactcrial thrombotic deposits on one 
or more of the valves. Tliere was no evidence tliat tliese were of rheumatic 
origin. There were a variety of vascular lesions in many organs, including en- 
dothelial proliferation, endothelial desquamation with granular degeneration and 
swelling, narrowing or obstruction of the lumen by plugs, intimal proliferation, 
and actual necrosis of the vessel wall. 

The clinical and pathological features suggested that some infectious agent 
with a pronounced to.xic elTcet on stiuctures lined by endothelium was being dealt 
mth. 

AuTHon. 


Segura, A.: Begistration and Interpretation of Cardiovascular Activity in the 
Normal Infant. Eev. argent de cardiol. 3: 167, 1936. 


The following heart rates (average and probable error) have been found ac- 
cording to age; 

Witliin the first week, 150 ± 1.97; between nine and thirty days, 107 ± 3.37; 
from thirty-one days to three months, 154 ± 4.24; from the third month up to the 
sixth month, 155 ± 2.36; from the sixth month up to one year, 140 ± 2.63; from one 
to two year.s, 138 ± 0.59. 

There are no significant differences between any two successive groups (except 
between the fourth and fiftli), but there are if two separate groups arc compared. 

This shows that the heart rate decreases as tlic infants grow, and also that 
within the first week tlie rate is comparatively slower. 


The pha.ses of the cardiac cycle: According to age, the cardiac systole Jasts be- 
tween 0.205 ± 0.010 and 0.-230 ± 0.008 sec., with a tendency to increase as the 
infants grow older. The following formula, modified from Lombard and Cope, 
allows a prediction of the duration of the systole when the heart rate is known: 


60 

20V”B 


S being the duration of the systole and R, the heart rate. 

The S/C ratio i.-* higher in infants than in adults showing a eomparati^cU 
longer systole in the former. The ejection phase lasts 0.174 ± 0.004 between one 
and three months of age: 0.171 i 0.0002 between s'lx and twelve months; and 


O.ISO ± O.OOS Ix-twcen one and two yesus. 
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Findlay, F. M.: Hypertension: Its Surgical Approach. California & West ]\red 
45: .3.34, 193G. 

Tile important factors ivliicli appear to operate in the production of h-sper- 
tension are discussed. The various types of surgical procedures used for the treat- 
ment of hypertension and the probable results to be expected from each operation 
are described. A modification of surgical procedures is suggested, based upon the 
author’s past experience and facts concerning the autonomic nervous system. 

E. A. H. 

Smith, Beverly C.: Relief of Pain by Peripheral Nerve Block in Arterial 
Diseases of the Lower Extremities. Ann. Surg. 104; 934, 193C. 

Forty-six cases of occlusive arterial disease, including patients with arterioscle- 
rosis with and without diabetes mellitus or with thromboangiitis obliterans, were 
treated by peripheral nerve block in the lower tliird of the leg. Pain was entirely 
relieved in 97 per cent of the patients with thromboangiitis obliteran.s, 90 per cent 
of the patients with arteriosclerosis without diabetes mellitus, and 81 per cent of the 
patients with arteriosclerosis with diabetes. In three cases the nerve block was re- 
peated for recurrence of painful ulceration, with satisfactorj- relief of pain. In 
only three cases was healing of the wound delayed. Paralysis of the intrinsic 
muscles of the foot has not interfered with normal locomotion, but this weakness 
necessitates the subsequent use of properly fitted .shoes with corrected weight- 
bearing. The relief of pain prevented the necessity of a major amputation in oO 
per cent of tlie patients with arteriosclerosis and in 20 per cent of the patients 
with arteriosclerosis with diabetes. No amputations were performed in the group 
with thromboangiitis obliterans. 

E. A. H. 

Andrus, Frank C.: The Relation of Age and Hypertension to the Structure of 
the Small Arteries and Arterioles in Skeletal Muscle. Am. .T. Path. 12: C35, 
19.30. 

The degree of fibrosis of the media of small arteries and arterioles was studied 
in .specimens of pectoral mu.scle taken from 137 individuals. The degree of fibrosis 
was most marked in ciises of severe hypertension. There was a somewhat greater 
average amount of fibrous tissue in the walls of the arterioles in hypertensive than 
in nonhj’pertcnsive patients of the .«ame age. All patients with hypertension did 
not show marked fibrosis. No cases of marked fibro.sis were seen Iiefore the 
twenty-ninth year of life. After that age it was encountered with increasing 
frequency. It was not possible to distingui.eh between hypertensives and control 
patients bv the degree of fibrosis found. 

H. M. 

Short, James J., Bruger, Maurice, and Jaffc, Louis: Production of Intimal 
Changes in the Arteries Attempted in the Eat by Prolonged Feeding of 
Aceto-acetic Acid. Arch. Path. 22; 543, 1936. 

It appeared imporf.-int to learn whether an exce.ss of acetone bodies in the blood, 

.18 frequently occurs in diabetes, is a factor in softening the intimal cement sub- 
stance, thereby favoring tlie imbibition and deposition of lipoids, particularly 
cholesterol esters. Reasoning from the re.«ults on eight rats fed acefo-acclic acid, 
and from ■•^tx controls, kcto.sis i.s- probably not a factor in .altering the structure 
of the intima. 


H. hL 
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changes in blood flow were made. In the 3 cases in wliich venous Ailing time was 
•measured before and after treatment, there was objective evidence of increase in 
blood flow. In the one case reported, there %vas a rise in skin temperature of 4° F. 

II. .M, 


Boger, A., and Wezler, K.: The Central Position of the Pressure-Equalizer 

(“Windkessel”) in the Circulation. IDin. Wchnschr. 15; 1185 and 1241, 193G. 

The authors restate their conclu.sion, ba.sed on previous work, that the contrac- 
tion of smooth muscle in the larger muscular arteries lowers the modulus of elasticitj’ 
— that is to say, makes the artery more distensible. This statement is nece.ssary for 
an understanding of the pre.«ent problem which is concerned with changes in llie 
effective or functional .size and position of the pre.«sure equalizer or clastic reservoir 
( ivindhessel ) of the circulation, which includes, as has been known since tlie time 
of E. H. Weber (1850), the aorta and the first portions at least of the primary 
branches. A lengthy, rather involved, discussion of the theoretic considerations in- 
volved in calculating the effective (ivirlcsam) length of the elastic reservoir follows. 

The length (L) is taken as— — where X is the fundamental wave length of the 

arterial .system. X is obtained by multiplying the velocity of transmission of the 
pulse along the aorta by the duration of the wave as recorded in the femoral pulse 
by a Frank capsule. The duration of the wave or the period of o.scillation shows 
it.self in reflected waves superimpo.sed upon the pul.se wave and is identical in 
length for any individual whether measured in the carotid or femoral pulse. 
Furthermore, the modulus of elasticity (7) = Vclocityz multiplied by the .speciAc 
gravity of the blood and the effective coefficient of elasticity of the pressure equalizer 


can then be considered as 


2 . 

V 


wherein F is the volume of the pres.sure equalized 


obtained as the product of the cross-.section of the root of the aorta and the effecti\'0 
length as calculated from the equation given above. 

Pulse wave tracings were obtained simultaneously from the carotid, femoral, 
and radial arteries followed immediately by blood pressure readings in many in- 
dividuals of various ages and sizes, after the intravenous administration of adrenalin 
and sjanpathol, and in a few patients with hj-pertension. 1’hc pulse wave velocities, 
effective length.s, and coefficients of elasticity of the pressure-equalizer were calcu- 
lated. 


The conclusions follow: 

A. The decrease in distensibility of the prcdoniinanth' clastic pjirt of the arterial 
system which is known to occur with increase in blood pressure and with age is com- 
pensated for by .several other simultaneous changes. 

1. Increase in size (length and cro.ss-section) of the pres-sure-equalizer: in youth.s 
the length extends to 10 cm. above, in elderlj" persons to 10 cm. below Poupart s 
ligament. 

2. Contraction of the smooth muscle in the portion included in the pressure' 
equalizer which increases its distensibility; this is exemplified by the small decrease 
in distensibility observed to follow .sympathol, as compared to the large decrease 
following tidrenalin. It is assumed that sympathol exeits a more poweiful cem- 
strietor jiction on smooth muscle. It is thi.s contraction which preserves the dis- 
ten.sibility of the pre.“surc-equalizer (aorta and largo branches). 

'J’he.sc two factors serve to make po.^sible the small changc.s in blood prc.“sure 
in relation to the large increase in rigidity of the periphcr;d arteries as age 
advances. >. 
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arteries of the extremities. It also followed ligation of the coronary arteries and 
v.-as due, they believ'ed, to stimulation of the periarterial nerves. The as.say of 
acctylcholin was carried out by injection of the substance to be tested into a leech 
.sensitized with physostigmine. 

In the present study increase in the amount of acctylcholin was found to occur 
in the brain stem and in cisternal fluid following the same procedure. It was also 
.shown (1) that previous injection of ergotamine prevented the increase, (2) that 
the increase in acetylcholin occurred following the injection of adrenalin and 
tetrahydrox ^-naphthylamine w'ithout stimulation of the aorta, and (3) that 
adrenalin is also liberated in the ci.sternal fluid following .stimulation of the aorta. 
Their inference is that liberation of acctylcholin is secondary to the liberation 
of adrenalin by the aortic stimulus as a counterregulator 3 ' mechanism. 


.1. M. S. 

Gay, L. K,, and Hardesty, J. T.: Tests for Vasomotor Control, California 

& West. Med. 45; .331, 3930. 

The various tests in current use for determining vasomotor control are described. 
Indirect methods of observation on the peripheral vessels include examination of 
peripheral pulse, postural color changes, blood pressure determination, cutaneous 
histamine reaction, the plethj’smograph, and reactive hj'percmia. U.seful tests for 
direct observation of (he peripheral vessels are surface temperature studies, tobacco 
test, ovcrcooling, cold stimulation test, immension of the forearms in warmed water, 
blanket method of Coller and Aladdock, induction of artificial fever, the oscillometer, 
.spinal anesthesia, and arteriographj’. The method of carrj’ing out each test is 
dc,scribed in detail. 

E, A, H. 

Moore, John W,, and Kinsman, J. Murray; Studies on the Cirailation: The Dye 

Injection Method. J. Lab. k Clin. Med. 22; 165, 1936. 

In tea cases witii apparenth' normal cardiovascular systems, the hemodynamics 
was studied before, and twent^’-four hours after, the oral admini.stration of from 
1 to 1.2 gm. of digitali.s (digitora tablets). 

By the use of the d^'c-injeetion output method, it was possible to determine 
simuhaneou.sU' the velocit.v of blood flow, the flow per minute, the total circu- 
lating blood volume, the volume of circulating blood in tlte lungs and heart, the 
C4,dl volume, and the .specific gnivitj- of the plasma. It was po.«siblc also to obtain 
almost at tlie same time, and c<;rtainly without anj- change in position of the 
patient, the venotis and arterial blood pressure.s, the vital eapacity, and the cardiac 
silhouette area. 

In all of the factors studied, it wa.« found that digitalis may cau.se an incre.ise, 
a decrease, or no eliange at all in the individual v.aluc.«. The median of any group 
may show a decided trend; neverthcle.ss the spread about the inititil normal wms 
ptonsim-nf. This was particularly true of the venous jiressurc and flow per minute. 
In the former the median value was CO per cent of the initi.al norrn.al, whercitH 
tui" patient wa.-i l.'O jaw cent of the initial normal; in the latter, the medi.an value 
was ss per cent of the initial nornial, whereas one patient was 121 per cent of the 
initial normal. When the venous pressure and the flow per minute are plotted 
against each other, tiiere exists a f,-iirly close linear rel.ation.ship in about 70 per 
cent of till- e.-ises. 

Tlifre wtis evid<-nee of some correlation lietween work and cardiac silhouette 
area, ilmv jK-r niinute and cardiac silhouette area, speeitie. gravity of the plasma 
and th.i c<di volume, titid total circulating bloml volume and the circulating blood 
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Eccovcrv from the process of shock is associated with progressive improvement in 
the circulation of blood to the periphery. The therapy of surgiciil shock should 
be directed toward the reestablishment of an adequate supply of oxygenated blood 
to the body tissues. 

Amnon. 

Esser, 0.: The Kymographic Appearance of the Cardiac Apex in Marked Dilata- 
tion. Fortschr. a. d. geb. d. Kdntgenstrahlen 52: 213, 1935. 

Normally, the author finds that the apex show.s a larger .sv’stolic retraction 
than the base of the left ventricle. In pathological states, the reverse is true, 
and the apex in addition later actualh' .shows .sy.stolic expan.sion. This latter 
tj-pe the author found in 27 of the 3.50 records of marked dilatation. 

L. N. K. 

Battro, A., and Menendez, E. Braun; Radiokymography in Total Aurlculoven- 
tricular Block. Rev. argent dc eardiol. 3: 199, 1930. 

E-oentgenk 3 -mography allows a .studj' of the volume changes of each cardiovascu- 
lar segment, its application being particularlj' fruitful in cases of heart block. 

The main radiolymogiaphic features of the left ventricle, right auricle, median 
arch, vena cava, and aorta in three cases of complete A-V block are here described. 
Tlie.v show (1) tliat the filing of the ventricle is definitel.v influenced by auricular 
contraction and (2) that the c-wave of the venous jmlse may be partially caused 
bj- an aortic impact since the influence of the aortic pulse can be observed on the 
.superior vena cava. 

Author. 


Key, Eimar: Embolectomy of the Vessels of the Extremities. Brit. ,T. Surg. 24: 

330, 193C, 

B\' a modification of (Jarrell’s method for enibolectoinj- the author performed 48 
embolectoniics. Tlio greater proi»ortion of emboli were in the femoral, iliac, poplit- 
eal, and axial and brachial artcrie.s. In most there was some degree of cardiac 
damage. Death occurred shortly- after operation in five cases in spite of three’s 
having improved circulation. Death occurred within a month in fourteen other 
cases in spite of four's iiaving improved circulation. Ten cases had gangrene and 
lived for at lea.st a montli postoperativeh'. In the greater number of these cases 
an amputation was done. In nineteen ca.se.s tlie circulation was restored, the ex- 
tremifv saved from gangrene, and the patient lived. Twenfj--four of tlie fortj'-eight 
embnkvtomics were performed within ten hours nfter the onset of symptoinsj Out 
of these nineteen regained normal circulation. 

II. ^1. 

Morawitz, P.; Medicinal Therapy in TJndccompensated Heart Muscle Dlsea.se, 

Dent.sche med. Wchnschr. 61: 1, 393.5. 

Digitalis is useful onl.v in heart f.aibire. The proplu’lactic use of digilali.s 
prior to operation in a hcalth.v heart docs no harm but is to be avoided in eldcrJ.v 
subjects with corollary sclerosis. The author questions the value of Christian '.s 
.suggestion that all individuals with degenerative heart disease get protracted 
small doses of digitalis. Digitalis therap.v should be individualized. DigitnUs 
should Ilf used orth- in nurifular librillation with a rnpid ventricular nite and not 
ivhen the vent ride bents slo-.vlv. It should be used cautiouslv for ext raKX'stok's 
and in in-arf block. Digitalis is not %‘erv clTective in hyperthyroid .slates. Digi- 
talis sliould k;- used to meet deflnite neisls and not for Ineirt disi'and 




Book Reviews 


Atlas op Congenital Cardiac Disease. By Maude E. Abbott, B.A., M.D., E.E.C.P. 
(Canada), MeGill TTmversity, Montreal, Canada. 72 pages containing frontispiece 
and 25 plates embodying over 200 figures witli descriptive text forming a volume 
11 X 14 inches, bound in cloth. Published by the American Heart Association, 
New York, N. Y., August, 1936, price $5.50. 

This atlas is “a pictorial retrospect of the author’s personal experience” in the 
field of congenital heart disease. Part I — a small section — deals with the develop- 
ment and comparative anatomy of the heart. Tlie remainder. Part II, entitled 
“Clinical Classification of Congenital Cardiac Disease,” presents the various defects 
arranged according to Dr. Abbott’s classification of (1) acyanotic, (2) cyanose 
tardive, and (3) ej'anotic group.s. 

Half the space is devoted to illustrations and the remainder is nearly equally 
divided between brief discussions of the cardiac defects and legends explaining the 
figures. For example, in the presentation of patent ductus arteriosus, there is a page 
of text and a page of figures facing each other. Tlie figures include schemata 
of normal and fetal circulation and that of patent ductus. There are also one x-ray 
picture, six orthodiagrams, an electrocardiogram, two drawings of the defect and a 
chart to show the auscultatory findings in detail. Thus, without even turning 
a page, one has presented clearly all the salient features, in a simple form, easy to 
remember. This general plan is followed throughout. At the end of the atlas Dr. 
Abbott’s valuable chart, containing statistical data on congenital heart disease, 
based on an analysis of 1,000 cases, is reproduced. 

In tliis atlas. Dr. Abbott has epitomized her monumental knowledge of congenital 
cardiac disease and lias presented it clearly and simply in the combination of text 
and superb illustrations. The book is recommended to all ndtli any interest in the 
subject of heart disease and should be in the library of the general practitioner as 
well as the specialist. It is destined to become a medical classic. 

Diseases of the Coronary Arteries and C.vkdiac Pain. Edited by Eobert L. 
Levy, M.D., Professor of Clinical Medicine, College of Physicians and Surgeons, 
Columbia University; Associate Visiting Physician and Cardiologist, Presbyterian 
Hospital, New York City. Cloth. Price $6, 445 pages. New York, 1936, The 
Macmillan Company. 

This timely and welcome volume represents a praiseworthy effort to present a 
comprehensive view of the present state of our rapidly growing knowledge of the 
coronary arteries and their diseases, as well as of the nature and mechanism of 
cardiac pain. 

The book, edited by Dr. Levy, is the product of some fourteen contributors, each 
of whom is eminently qualified in his special field. 

After a thoughtful introduction by' A. E. Colm and an interesting historical note 
by J. B. Herrick, there follows a detailed and authoritative consideration of the 
normal coronary circulation. The chapter on the anatomy of the coronary vessels is 
furnished by J. T. ITeam; those on the physiology and the pharmacology of the 
coronary circulation, by C. J. Wiggers and F, M. Smith, respectively; that on the 
pathology of the coronary arteries, by W. C. von Claim. 
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Elements op ELECTROCARBioonAPmc Intertoetation With Tiiirty-Eioiit Plates 
Illustrating the More Important Deviations From the Normal, Selected 
From the Files of the Michael Reese Hospital. By Louis N. Katz, A.M,, 
M.D. Physiologist and Director of Cardiova.scular Research, Michael Reese Hos- 
pital, Chicago; Assistant Profe.ssor of Physiology, University of Chicago; and 
Victor Johnson, Ph.D., Instructor in Phy.siology, the University of Chicago. Ed. 
2, paper, price $1, the University of Chicago Press, Chicago, HI. 

The purpose of this booklet is to present a brief graphic outline of the more im- 
portant electrocardiographic deviations from the normal. It is made up of thirty- 
eight plates, with full descriptive legends, and coi’ers all the more important de- 
partures from the normal electrocardiograms. The descriptive legends are clear and 
easily understood. The booklet provides a concise and authoritative reference atlas 
for the practicing phj’sieian rvhose chief interests lie outside the field of electro- 
cardiography and for the student beginning the study of cardiac physiologv'. 

William Withering: The Introduction op Digitalis Into Medical Practice. By 
Louis H. Roddis, M.D., Commander, Medical Corps, United States Nary. 131 
page.s, 8 illustrations. Paul B. Hoeber, Inc. Medical Book Department of Harper 
& Brothers, New York, 193G. 

The life and work of William Withering deserve more general appreciation and 
understanding of the medical jirofe.ssion than they have hitherto received. 

This pleasantly written little volume merits a wide welcome, therefore, as making 
readily available the essential features of both the life and the work of a truly great 
physician. 

Like so many other great English physicians of his period Withering won distinc- 
tion in fields other than that of medicine. He would have been known as a dis- 
tinguished botanist and mineralogist if his contributions to these sciences had not 
been overshadowed by his reputation as a practitioner and as the discoverer of the 
value of digitalis in medicine. 

In reading his own statements as to the indications for the use of the drug, its 
method of administration, its limitations, and its possible dangers, one can but be 
amazed that so complete and so accurate an understanding of the drug .should have 
been derived merely from the clinical observations of a single man. 

“In spite of opinion, prejudice, or error, Time will fix the real value upon the dis- 
covery and determine whether I have imposed upon myself and others or contributed 
to the benefit of science and mankind.” Time has .spoken in no uncertain voice. 

La Pression Moyenne de L’Hoit.ME a L'Etat Normal et Patholooique. By H. 
Vaquez and P. Gley. Masson et Cie., Paris, 19.3G. 12G pages with 57 figures. 

Price, 25 francs. 

Believing that a proper understanding of the blood pressure can never be obtained 
from a study of the maximum and minimum pressures only, the authors have devoted 
much time and study to the mean arterial tension. They believe that the study of the 
mean arterial tension is important clinically as well as experimentally. They discuss 
the mean tension under normal and abnormal conditions and de.scribe a sjTidromc, 

‘ ‘ hjyertension moyenne solitaire. ’ ’ The greater part of the book is given over to a 
di.seussion of methods and tracing.®, the latter part to clinical .applications. 


Books Received 

E.studio Functonal del Higado Afectado pok el E.stancajiiento SaNGUIKEO E.V 
LAS Cardiopatu.s. Severo R. Amuchastegui, IGG pages, imprenla de las Uni- 
versidad Nacional de Cordoba, 1936. 
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THE YASCULAE COMPLICATIONS OF POLYCYTHEMIA* 
Ir\tn: L. Xorhax, Lieutexaxt, ^Iedical Corps, United States Xavy, 

AND 

Edgar Y. Allen, ^LD. 

Kochester, [Minn. 

P OLYCYTHEiHA vera was first described by Yaquez"’ in 1892. As 
earlv as 1903. OsleU- described it as a new clinical entitv and recojr* 
nized the frequency with wliich vascular complications occurred. These 
vascular complications are largely the result of an increa.sed tendency 
to thrombosis resulting from a slowed circulation-' in a vascular 
bed which is distended by the greatly increased blood volume. Another 
important factor may be increase in the number of platelets, and an 
increase in the serum calcium, sliown by Bro^ni and Koth,'^ may bo a 
contributory- factor. It is also po.ssibIe that the intima is injured by a 
disturbed blood supply to it, or from e.xcessive wear and tear by a 
fluid of increased \-iscosity, which Oppenheimer-^ believed may facilitate 
the foiTnation of premature aiferioselerosis. Such changes in the intima 
naturaUy encourage thrombosis. Furthermore, most iiatients %\'ith poly- 
cy-tlicraia are at the age Avhcu arteriosclcrasis is common. As %nll be 
pointed out subsequently, thrombosis may occur in ve.ssels in many 
parts of the body, such as in tlie peri])heral. cerebral, coronary, portal, 
hepatic, mesenteric, and splenic blood ve-ssels. Such eomydications in 
polycythemia vera may frequently be the cause of death. 

ParkesAYeber-'* in 1922 and HaiTop*" in 1928 reviewed the literature 
extensively. YY ha%-e reviewed the literature dealing with vascular 
complication sul)sequent to 1928 only. Thrombosis of part of the splenic 
arteiw is the commonest cause of pain in the upper left quadi'ant of the 
abdomen in the presence of polycythemia. It oeeuis in a considerable 
number of eases during the coui'se of the disease or during treatment 
with plienylliydrazine. as pointed out by Oiffin,’- and is a common find- 
ing at necropsy. The severe pain of mesenteric thrombosis may simulate 


Frorn tlie Division of lle^licino. the Mayo Clinic. 
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that of perforation of a viscns or that of cholecystic disease. Adams/ 
in a report of nine eases, described tliree in which intraabdominal throm- 
bosis was noted; one patient underwent an exploratory operation twice 
for severe abdominal pain. Nothing was found but an acutely enlarged 
spleen, which probably was the result of .si)lenic infarction. Roeh and 
Epstein^® reported a case of thrombophlebitis of the gastroepiglottie 
veins that simulated perforation of the stomach. Patients suffering 
from thrombosis of the portal or mesenteric veins frequently have 
ascites and enlargement and cirrhosis of the liver. Other reports deal- 
ing with thrombosis of inti’aabdominal ve.ssel.s have been made by A. 
Jacobi,’" Oppenheimer,-’ Cole,® Singer,"0 Cory” and Parkes-Weber.'^’ 
In this connection, the sugge.stion first i)ro])osed by Lommel,’” that 
stagnation of the portal circulation as a result of portal thrombosis may 
be the primary cause of polycythemia vera, should be mentioned. It is 
believed by most writers tliat ordinarily the causal I’elationships are 
reversed, and that tlirombosis, when it occurs, is the result rather than 
the cause of polycythemia. However, Tumcn-’^ reported a case of poly- 
cythemia in whicli tlic jmtient rvas a negre.ss. In this case there was 
occlusion of tlie inferior vena cava by a large uterine fibroid; he at- 
tributed the polycythemia to this occlusion. There was no evidence, 
however, of a causal relation.ship in this report, as the patient died soon 
after the operation, before observation could be made relative to the 
])ermanency of the polycythemia. PolP’ repoi-ted a ease in which the 
clinical findings were of pulmonary thrombosis only; the patient was 
a woman, aged fifty-four years, who was receiving treatment for poly- 
cythemia vera and coincidental ])yelonephriti.s. In this case, the poly- 
cythemia vera long ]U'cccdcd the imlmonary thi’ombosis, and in no sense 
was caused by it. 


Poronary tlirombosis does not ap])ear to occur with as great frequency 
as docs thi’ombosis in vessels of other organs. This may be due to the 
iaet that stagnation is not as marked in the vc.ssels of a muscular organ 
in active contraction as it is in ve.ssc].s of a le.ss active organ, even though 
other faetons that incmase the liability to clotting are operative. Oppen- 
hoimer-' reported a ease in which the clinical studies revealed coronary 
thi-omhosis with a pericardial rub, fever, leucocyto.sis, and eleetrocardio- 
giaphie changes. Parkes-Weber*’ reported a case in which gout, mi- 
graine. and intraeardiac thrombosis were observed. Christian,’ Sloan,"’ 
ami Adams,’ in se])arate re])orts, have pointed out the frequency with 
which cerebral vascular accidents are tlie cau.se of neurological .symp- 
toms, and Elschnig and Nonnenbrueh’® reported a ease in which em- 
mlism of the centra] artery of the retina occurred simultaneously with 
a cerebral vascular accident, illigrating idilebitis, according to Liideke,’” 
nequently ,s a complication of polycythemia vera. He reported sixtv 
e..se.s of phlebitis, in ten of which there were definite evidences of polv- 
c> lemia. Brown and Giffin'' have pointed out the frequent oceurrence 
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of complications in tlie periplieral vascular system. Tlicy reviewed 100 
cases of polycythemia vera that had been ol)served at the i\rayo Clinic 
from 1912 to 1929, and placed the cases with peripheral vascular com- 
plications into groups in which the syniihoms simulated arteriosclerosis 
obliterans, thromboangiitis obliterans, erytliromclalgia, and Eaynaud's 
disease. BrowiC emphasized that erythromelalgia may be a symptom of 
polycjdhemia vera, and Horton and BrowiE*^ described the association 
of thromboangiitis obliterans and polyc.yt hernia. It is interesting to note 
that Osler-^ in 1908 mentioned the fact that tlie “red painful neural- 
gias” of the extremities whieli occur in eases of polycytliemia vera may 
simulate erjdlu’omelalgia. Other recent reports of peripheral vascular 
complications have been made by Oppenheimer,-^ Jacobi,^® Sloan, and 
Griffith.^ 

Geisbok’s disease, or polycythemia hypertonica, has been considered 
to be a complication of polycythemia vera, but Eowntree, Brown, and 
Both^^ believed it to be a coincidental association of hypertension and 
polycythemia vera. Peacock-*^ found that in polyc^dhemia vera the 
average values for the blood pressure of patients of different ages were 
not significantly raised above normal, and that there Avas no correlation 
betAveen increased Ijlood pressure and blood volume. BroAAni and Giffiir* 
reached a similar conclusion in a study made in 1926. 

Hemorrhage occurs often in polycythemia vera; epistaxis and exces- 
sive hemorrhage folloAAnng alvcolcetomy are common. Hcmorrliage 
from dilated esophageal veins may occur. That hemorrliage should be 
common in a disease in Avhich the tendency to clotting is increased seems 
paradoxical until it is realized that great distention occurs in the vas- 
cular bed, AAdiich undoubtedly is the most important factor in the causa- 
tion of hemorrhages. Harrop^"’ l)elieved that there may be a A^ariability 
in the tendency to clotting, and that at one time a tendency to clotting, 
and later a tendency to hemorrhage, inay be obsei’A'ed in the same ca.se. 

In our study aau Iira’^c folloAA-ed tlie criteria of Rowntree, BroAAii, and 
Roth.25 study of tlie A'oiumes of Avdiole blood and of blood cor- 

puscles, they found normal standai’ds of SO to 100 c.c. for each kilogram 
of body AAmight, and a hemacrit Axihie of 40 to 48. In polycAThemia 
Amra the blood volume, the volume percentage, the vi.seosity of the blood, 
the value for the hemoglobin, and the number of erythrocytes in each 
cubic millimeter of blood are increased. Similar changes are present in 
relathm polycythemia, except that the blood A'olume is approximately 
normal. 

POLYCYTHE7HIA AYSRA 

In the scA’^en years betAveen Jan. 1, 1929, and Jan. 1, 1936. ninetA- 
cight cases of polycythemia A'ora AA’erc obserA'ed at the ^layo Clinic. In 
thirty -three, or approximately 34 jier cent, A'aseular complications oc- 
curred. For purposes of study, these vascular complications Averc 
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classified as follows: with intraabdominal thrombosis, six cases; with 
diseases of the coronary arteries, five; with diseases of the cerebral ves- 
sels, six; with peripheral occlusive vascular disease, seven; with eryth- 
romelalgia and burning paresthesia, eight; and with vasospastic phe- 
nomenon, one ease. 

Polycythemia, Vera With Intraahdominal Thromhosis . — Although in- 
traabdominal thrombosis was suspected in all of these six eases, it was 
proved in only two (by necropsj’^ in Case 3 and by operation in Case 5) , 
as opportunities for direct observation of the intraabdominal vessels by 
necropsy or operation was afforded in none of the remaining cases in 
this series. However, the clinical history and findings were highly .sug- 
gestive of intraahdominal thrombosis in all (Table I). Additional vas- 
cular complications were noted in Case 1 (erythromelalgia) and in Case 
4 (hemiplegia). 

Case .3 . — A white woman, aged fifty-four years, was admitted to the clinic Maj' 
1.3, 19.34, heeause of an enlargement of the spleen wliich had been pre.scnt for five 
years. Ten months prior to her admission, she had received treatment elsewhere for 
polycythemia vera; this treatment had consisted of the application of roentgen 
therapy to the long bones. Ten days prior to her admission, a severe pain had 
occurred in the left lower quadrant of the abdomen, and two days later rapidly 
increasing anasarca had developed. 

Examination of the patient at tlie clinic revealed ascites, .slight icteric tinting of 
the conjunctiva, and enlargement of the liver and spleen. There was acute tender- 
ness over the spleen and in the left lower quadrant of the abdomen. Tlic value 
for the blood pressure in millimeters of mercury was 170 for the systolic and 110 

for the diastolic, and pitting edema of the legs was noted. Examination of the 

retinal veins revealed marked engorgement and cyanosis. Tlie results from study of 
the blood may be noted in Table I. The blood volume for each kilogram of body 
weight was obviously low because of increased weight of the body due to ascites 
and edema. Urinalysis revealed a large amount of albumin, a few casts, and 
pus cells. The concentration of urea in the blood was normal, and that of bilirubin 
was 4.0 mg. per 100 c.c. of serum. Following a Congo red test, there was a 28 

per cent loss of dye from the blood stream in one hour, wliich excluded amyloidosis 

as the cause of the albuminuria. 

On ilay IG abdominal paracentesis was carried out, .and 1,450 c.c. of clear, straw- 
colored fluid was removed before it became bloody, at which time the operation was 
terminated. Injection of the ascitic fluid into a guinea pig did not produce evidence 
of tuberculosis. In spite of the admini.stration of diuretics and supportive treat- 
ment, the condition of the patient became gradually worse, and she died May 20. 

At necropsy there was 700 c.c. of hemorrhagic amber-colored fluid in the abdomen. 
The heart was enlarged, and weighed .325 gm. (calculated normal weight, 250 gm.), 
and there was generalized sclerosis of the coronary arteries. The spleen was 
enormously enlarged; it weighed 1,576 gm. (calculated normal weight, 150 gm.), 
and microscopic examination reve.alcd chronic fibrous .splenitis with reticular prolifera- 
tion. .Several branches of the splenic artery were plugged with organizing thrombi, 
and there were many small .splenic infarcts. The liver weighed 2,560 gm. (calculated 
normal weight, 1,G00 gm.), and canalized thrombosis of the hepatic veins was noted. 
Microscopic examination of the liver revealed marked acute passive congestion and 
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injirked congestion in the sinusoids, with central atrophy of the he 2 )atic cords. !Manv 
intrahepatic vessels were occluded by well-organized thrombi. The marrow of the 
ribs .was packed with erythrocytes, but otherwise appeared normal. 

Plycytliemia Vera With Disease of the Coronary A^'terics. — Two of 
the patients in this series liad angina pectoris, and one of tliese liad 
evidence of myocardial infarction wliich was discovered at necropsy 
(Table II). In one case, thrombosis of a coronary artery was diagnosed 
elsewhere; in one case there was evidence of arteriosclerotic heart dis- 
ease; and in another ease there was evidence of arteriosclerotic and hyper- 
tensive heart disease. In one case, an additional complication of absence 
of pulsations in the dorsalis pedis arteries was noted bilaterally. 

Case 9. — A white man, aged fifty-three years, was admitted to the clinic June 
30, 1932, because of headaches, intolerance to lieat, nervousness which had been 
present for the past four .yeans, and episodes of severe substernal pain whicli had 
been present for the preceding four or five week.';. Tlie pain, wltich had been severe 
and had occurred even while tlie patient was at rest, often during the day, liad 
been situated in the left anterior and posterior walls of the thorax and had extended 
down the left arm. 

Examination of the patient at the clinic revealed emdenee of polycythemia. 
Several small adenomas were palpable in each lobe of the thyroid gland, and the 
spleen was enlarged and extended approximately 214 inches (G.25 cm.) below the 
left costal margin. The results of studies of the blood may be observed in Table 
IL A roentgenogram of the thorax revealed that the heart was enlarged and that 
there wms congestion at the bases of both lungs. An electrocardiogram revealed the 
presence of sinus tachycardia, with a rate of 9(5 beats each minute, left ventricular 
preponderance, inverted T-wave in Lead Ilf, diphasic T-wave in Leads I and II, 
exaggerated P-waves, and notched QRS complexes in Leads II and III. A diagnosis 
of polycythemia vera and angina pectoris was made. 

The patient Avas treated in the hospital with phenylhydrazine hydrochloride. The 
attacks of angina, Avhich occurred Avith increasing frequency, Avere completely relieved 
by the administration of amyl nitrite and nitroglycerin, and the patient took about 
forty 1/100 gr. (0.0006 gm.) tablets of nitroglycerin daily. On July 25, after the 
patient had received 4.5 gm. of phenylhydrazine, the erythrocytes numbered 
4,300,000 per cubic millimeter of blood ; the hematocrit reading Avas 43.7 volume per 
cent; and the A’iscosity aa'us 5.4. The patient died .suddenly. 

Necropsy roA'ealed enlargement of the liA'cr and spleen. Generalized fibrous 
scarring of the myocardium and generalized sclerosis of the coronary arteries A\-erc 
present. A thrombus of recent origin AA-as found in the loft coronary artery. 

Polycythemia Vera With Symptoms of Cerebrovascular Diseasc.~Of 
the six patients in this group, five liad histories suggestive of, or clinical 
evidence of, cerebrovascular licmorrhago or thrombosis. In one ease 
the clinical history suggested spasm of a cerebral artery, although 
hemorrhage or thrombosis could not be excluded. In another case the 
additional vascular complication of thrombophlebitis affecting the left 
leg was present (Table III). 

Case 16. — A man, aged forty-four years, AA-as admitted to the clinic Aug. 20, 1930, 
because of AA-eakness, loss of deep sensibility and coordination of the muscle.« of the 
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light hand and forearm, lyhich had been present for tlie past ton months, and on 
account of difBculty in speaking and poor memory, wliich had been present for the 
past four months. 

Examination of the patient revealed e\ddence of polycytliemia. Tlie sftleen and 
lieart were enlarged, Results of studies of the blood may bo noted in Table III. 
Examination of the eyegi'ounds revealed cyanotic and engorged veins. Roentgeno- 
grams of the thorax and head were normal. The Wassermann reaction of the blood 
was normal, and urinalysis did not reveal any abnormality. On neurological exam- 
ination, motor and sensoiy aphasia, marked alexia and agraphia, and some ajiraxia 
were noted; the right arm was weak. The diagnosis was cerebral softening in the 
left parietotemporal region, caused by a va.scular lesion. The patient was treated in 
the hospital with phenylhydrazine hydrochloride. During treatment the weakness 
of the right hand and the aphasia increased. Weakness of the right leg and a 
positive Babinski sign developed on that side. When 3 gm. of phcnj-lhydrazine had 
been given, the concentration of hemoglobin was .05 per cent ; erythrocytes numbered 
6,920,000 per cubic millimeter of blood; the hematocrit reading was GO per cent; 
and the viscosity of the blood was S.4. The patient became despondent and refused 
to stay longer. On dismissal, there were marked paralysis of the right hand and 
arm, weakness of the right leg, and both motor and sensory aphasia. 

Polycythemia Vera With Occlusive Vascular Disease of the Legs . — 
Of the seven patients in this group, four had phlebitis, and three had 
evidence of clironie ocelnsivc arterial disease indislingnisliable from 
arteriosclerosis obliterans. In addition, one patient liad had symptoms 
of erythromelalgia, and one liad byi)ertension and cardiac enlargement 
(Table IV). 

C.\SE 23. — xV white man, aged sixty-one years, was admitted to the clinic Nov. 
27, 19.30. He had , sutfered for the past five years from burning distress over tlie 
heads of the metatarsal joints when walking, which had not been relieved by rubber 
pads or ai'ch supports. Pour years before his registration at the clinic he had re- 
ceived an injection of calcium chloride into one of the veins of his right leg. The 
injection had been followed in an hour by numbness and whiteness of the right foot 
and severe jjain that had extended from the foot to the knee. Gangrene had de- 
veloped, and amputation in the region of the middle of the thigh had been necessary. 
Healing had occurred promptly. Three years before he came to the clinic, he had 
injured the fifth toe of the left foot; infection and gangrene had sot in, which 
had necessitated amputation of this toe. For the past year, there had been persistent 
coldness and burning in the sole of the left foot. Four months prior to his admission, 
the big toe had become blue and cold, but after a month the normal color had re- 
turned. Two weeks previous to examination at the clinic, pain and cyanosis had 
developed at the tip of the second left toe, and on admission the pain in this too was 
continuous. 

Examination of the patient revealed evidence of polycythemia. The v.alue for 
the blood pressure expressed in millimeters of mercury was 160 for the systolic 
and 100 for the diastolic; the heart was enlarged. There was reddisii blue discolora- 
. tion of the tissues of the fir.^t and second left toes, and both were cold. The left fifth 
toe had been amputated previously. Pulsations were absent in the left dorsalis pedis 
artery and diminished in the posterior tibial artoj-y. The results from study of the 
blood may be noted in Table IV. Roentgenological examination revealed evidences 
of calcification of the arteries of the left leg. The flocculation tost for syphilis gave 
negative results. Urinalysis revealed the presence of modende nlhuminurin. The 
concentration of urea in the blood Avas norm.al. The diagnosis Avas polycythemia 
vera and arteriosclerosis obliterans. 
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Plilebotoniy was performed several times to reduce the blood volume, and treatment 
was carried out to increase circulation to the leg. However, there was evidence of 
progressive diminution in arterial circulation, and gangrene of the second toe de- 
veloped. Amputation of the toe was not followed by healing, and amputation of the 
leg w'as necessary, following which healing occurred promptly. 

Poli/cythemm Vera With Symptoms of Eryfhromelalgia and Bnrn- 
ing Paresthesia , — ^According to our criteria, the diagnosis of erythro- 
melalgia is justified only when sensations of burning in the feet are 
associated with actual increase in the temperature of the skin. When 
subjective burning occurs without increase in cutaneous temperature, 
we consider the correct diagnosis to be paresthesia. Following these 
criteria, there were three eases of erythromelalgia and four eases of 
paresthesias in this series (Table Y). In Case 32, erythromelalgia prob- 
ably was present, since the patient said there was objective evidence of 
increase of temperature of the skin, but we could not demonstrate this 
with a thermometer. One patient had vascular complications of gastric 
hemorrhage and bilateral thrombophlebitis of the legs (Case 28); an- 
other had angina pectoris and phlebitis in varices (Case 31); and a 
third gave a histoiy of phlebitis and absence of pulsations in the left 
posterior tibial artery (Case 32). 

Case 25. — A Russian Jew, aged forty-seven years, was admitted to the clinic 
July 15, 1931, because of .sharp, stabbing pain in the plantar surfaces of both feet 
and in the distal half of the left foot; this pain came in attacks; and there was 
complete relief between attacks. Elevation of the feet and application of cold did 
not produce any relief, and the patient had not noted a.ssociated changes in color 
or temperature. Symptoms of peptic ulcer had been present. 

Examination of the patient at the clinic revealed an enlarged spleen, marked 
erj-throsis of the mucous membranes and hands, engorged retinal veins, and 
diminished pulsation of both dorsalis pedis arteries. Results of studies of the blood 
may be noted in Table V. Roentgenological examination revealed evidence of a 
duodenal ulcer. Study of the temperature of the skin of the painful areas during 
an attack showed an increase of about 2° C. 

The duodenal ulcer was treated medically, and phenylliydrazine hydrochloride was 
given for the polycvdliemia. Excellent response of the blood to phenylhydrazine 
occurred, and, as the blood returned almo.st to normal, the distress in the feet dis- 
appeared. 

The patient returned to the clinic April 2t?, 1933. He had not followed instruc- 
tions relative to the use of phenylhydrazine, and the polycjdhemia and erythromelalgia 
had recurred. Treatment of the polycythemia with phenylhydrazine was again 
instituted with good results, but the di.stress in the feet persisted. Sub.«equently, 
the polycj-themia was well controlled with phenylhydrazine, and the di.'^tress in the 
patient's feet disappeared shortly after his dismis.sal from the clinic May, 1933, 

Polycythemia Vera With Vasospastic Phenomena . — Case 33 was the 
only ea.se in this category. In this case there was evidence of auricular 
fibrillation, which apparently was the result of arteriosclerotic heart 
disease. ^Ye hesitate to indicate that this case is representative of true 
Eaynand’s disease, since the patient was a man, and since only one 
phase, color reaction, namely cyanosis, had occurred. It is probable 
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that the patient had an organic disease ot the digital arteries, and, nn- 
less this possibility is excluded by arteriography, the diagnosis of Eay- 
naud’s disease is not justified. 

VASCULAR COJIPLICATIONS OF “RELATIVE POLYCYTHEMIA” 

The term “relative polj'cythemia ” refers to a condition in viiieh the 
status of the blood is similar to that in polycythemia vcra, except that 
the blood volume is within normal limits. This condition has been noted 
in some cases of Raynaud’s disease and thromboangiitis obliterans by 
Brown and Giffin,’’ Horton and Brown,^® and Rowntrec, Brown, and 
Roth.^® Harrop^® cited two cases reported by Wright in which cere- 
brovascular hemorrhage or tlirombosis affected patients who had rela- 
tive polycjdhemia : a child, aged twelve years, had spastic hemiplegia 
which had followed convulsions when she had had measles at the age 
of four years. Cyanosis, clubbing of the fingers, and evidence of incom- 
plete aeration of blood in tlie lungs were present. An infant, aged 
twenty months, had a paralyzed rigbt arm and evidence of congenital 
stenosis of the iiulmonary arteries. 

Relative polycythemia was diagnosed thirty-five times at the clinic 
during a period of seven years (from Jan. 1, 1929, to Jan, 1, 1936). 
Doubtless many more eases were observed, but ordinarily sucli a diag- 
nosis is made only when the condition is of ])rimary interest. In many 
conditions, such as empliysema, .studies for polycytliemia such as deter- 
mination of blood volume are not made l)ecause the presence of poly- 
cythemia is of little practical importance in tlie condition. 

In twelve of the cases in whicli relative ])olycythemia was determined, 
there -was evidence of vascular lesions. In none of these cases was 
polyc^dhemia marked (Talile VI). The highe.st erythrocyte count was 
5.7 millions in each cubic millimeter of lilood, and the most abnormal 
volume percentage of cells in the blood was 63. In several cases the 
increase in the number of erythrocytes, in the hematocrit readings, and 
in the viscosity of the blood was only minimal, exceeding normal by 
very little. The results probably represent jihenomena attributable to 
simple concentration of the blood from a variety of causes. However, 
we feel there is justification for referring to these cases since poly- 
cythemia of some degree was present in all. Tliere were five cases of 
thromboangiitis obliterans, two cases of arteriosclerosis obliterans, and 
one case each of erythromelalgia, cerebral hemorrhage or thrombosis, 
vasospastic neurosis. throml) 0 ])hlebitis, and thromliosis of tlie interior 
epigastric and portal veins. 

com:men't 

Inquiry is pertinent as to whether the coexistence of polycytlmmia 
vera and vascular complications is incidental or is representative of a 
eause-and-effect relationship. Since both polycythemia vera and the 
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vascular diseases considered usually affect elderly individuals, it might 
he assumed that mere chance was responsible for two conditions affect- 
ing the same person. However, approximately one-third of all of our 
patients who had polycythemia vera had vascular diseases, which fact 
indicates that polycythemia was responsible for the vascular diseases in 
mo.st instances since the latter affect a much smaller proportion than 
one-third of all our patients of similar ages and sex, IMoreover, this 
h}'pothc.sis is logical, as the conditions in the blood are those which 
produce an increased tendency to thrombosis. The situation is not so 
clear in relative polycythemia, in which the disturbances in the blood are 
frequently minimal. Jf the records of all eases in which the changes 
in the blood were no moi’e marked than they were in the present series 
of cases were available for study, it Avould doubtless be found that the 
percentage of eases with vascular complications would be small Avhen 
compared with that in eases of polycythemia vera. It is probable, but 
by no means certain, that the changed status of the blood is not re- 
sponsible for tbe vascular lesions in the ma.iority of cases of relative 
polycythemia. For example, polycythemia is rare in thromboangiitis 
obliterans, and we view the relation.ship as one of coincidence rather 
than one of cause and effect. Naturally, the fundamental disturbance 
may, in some obscure manner, produce thromboangiitis obliterans and 
relative polycythemia. The observations .ju.st made regarding thrombo- 
angiitis obliterans apply to arlerio.selcrosis obliterans, and Avith less cer- 
tainty to erythromelalgia and Amsospastic neurosis. Phlebitis and cere- 
brovascular hemorrhage or tlu’ombosis may have resulted directly from 
polycythemia, but avc have no evidence that this is so. As indicated in 
Table VI, the diagnosis Avas not absolute in the case of thrombosis of the 
inferior epiga.strie and portal ve.s.sels. 

Our study emphasizes Iavo important points. It is advisable to treat 
pol.vcythemia vera if for no other reason than to prcA'cnt vascular com- 
plications. If the many va.scular di.seases jioted in our study arc vicAved 
AA-ilh the suspicion that polycythemia A-ei’a exists, it AA'ill be found in at 
least a small percentage of cases. This is i>arlicularly true Avith regard 
to erythromelalgia, Avhich is frecjuently a sigii of polycythemia, as avc 
have observed on numej-ous occasions. Furthermore, it appears that 
arterioscleiusis obliterans and thromboangiitis obliterans re.spond in a 
better manner to treatment if polycythemia AAiiich may be present is 
treated actiA-ely. 

.SX.'MMARY 

Study of ninety -eight eases of polycythemia vera and thirt3'-five eases 
of relative polA'CAfflAemia reveals that erythromelalgia, mj'ocardial in- 
farction, angina pectoris, occlusiA-e dhsease of the peripheral arteries, 
cerebral hemoxThage of thi-ombosis, intraabdominal A'aseular thrombo.sis, 
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plilobitis, and. \asoniotor neurosis oeeiir in cil)out. a third of the cases. 
Recognition of the relationships is important diagnostically and thera- 
peutically. 
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SIGNIFICANCE OF BLOOD AT3SSELS IN HUilAN HEART 

VAL\Oi}S^' 

Locis Gross, M.D. 

New York, N. Y. 

TOURING most of the eighLv-foiiv j'^ears in which reports have ap- 
^ peared on the problem as to whether blood vessels exist in normal 
human heart valves, a number of obstacles have interfered with its 
elucidation. As ijointed out by Gross and Ivugel,^ one of the major 
difficulties lay in the fact tliat until recently no precise definition 
existed as to what constitutes tbe proximal limits of tlie several cardiac 
leaflets. As a consequence, when auricular myocardium was included 
as part of the aurieuloventricular leaflets, these could be considered 
as possessing vasculature, since myocardium always contains blood 
vessels (Langer,- Dow and Harper®). On the other hand, when the 
leaflet (and ring) were considered as the purely fibroelastic structure 
distal to the myocardium, the existence of blood vessels in this site 
assumed an entirely different significance. This latter point, which 
has been the subject of an extensive controversy, will form the basis 
of this report. The topographical relations and limits of human heart 
valves, as defined by Gross and Kugel,^ will be employed. 

Another major obstacle in the problem has been tlie statement by 
Danger® that human em])ryonic heart valves contain myocardium and 
blood vessels and that these regress before birth. This assumption, 
which the present author has been unable to confirm, has offered the 
tempting explanation that blood vessels may exist in normal human 
valves as vestiges of the embryonic state. 

A somewhat similar pitfall is the fact that several species of animals, 
e.g., ox, sheep, swine, dog, horse, etc., have blood vessels in normal 
valves. This suggests an all-too-faeile analogy vuth the vessels at 
times found in human heart valves, an analogy which, as will be seen, 
is totally unjustified. 

The most perplexing difficulty, however, lay in the fact that until 
recent years there were no means available for differentiating normal 
valves possessing ceitain involutionary changes (so-called tension 
changes), from the end-results of mild inflammatory lesions. As a 
consequence, most of the published repoi-ls have concerned themselves 
with improvements on injection methods, and scant attention was paid 
to careful histological examination of the tissues for the purpose of 
determining accurateh’’ their normality. 


‘From the Eabor-atorie? of the- Mount Sinai Hospital. Xevr Tork. X. T. 

Aided by grants from tlie Lucius X*. Littauor and Walter W. Xaumburg Funds. 
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The schools of thought in this field can he roughly divided into two 
groups. The first (Gerlach/ Luschka,® Kolliker,” Forster/ Henle,® 
Frey,® Rosenstein,^® Sappey,^’- Krause,’^ Cruveilhier,’® Coen,^^ Baync- 
Jones,’® Kerr and hlettier,’" Kerr, Mettier, and McCalla,^' Wearn and 
his coworkers^®) holds to the belief that blood vessels may exist in 
normal human heart valves, some authors eonsidei-ing these vessels 
to occur in the auriculoventrieular as well as the semilunar valves, and 
othei’s only in the former. The second group (Rokitansky,^® Joseph,®® 
Virchow,®^ Cadiat.®® Lange]-,® Darier,®® Koniger,®^ Odinzow,®® Nuss- 
baum,®® Tandler,®" Dow and Harper®) considers that valves are 
normally nonvaseularized and that, if blood vessels are found in them, 
they are due to an inflammatory process in the leaflets. 

In previous publications, the author®® with collaborators®®’ •’’® has 
adduced evidence Avhieh seemed to favoi- the belief that blood vessels 
may exist in a small pei’ccntage of noi’mal human heart valves. In a 
report on 700 injected human hearts, Rittei-, Gro.ss, and KugeF® found 
blood vessels in 2 per cent of, what were eonsidei'ed at the time, intact 
valves. Although blood vessels were found in a considerable number 
of specimens (representing 18 per cent of this I’clatively large mate- 
rial), deflnite evidences of inflammation were found in a great majority 
of these. In later reports the author -wfith collaborators’’ ®’’ ®®’ has ex- 
pressed doubt as to the normality of any human heai’t valve possessing 
blood vessels. 

The following observations summarize the evidence at present avail- 
able in favor of the concept that blood vessels may exist in the fibro- 
elastic portion of normal human heart valves; 

1. Lunger’s claimz tliat human fetal valve.s pos.«ess myocardium and blood ves- 
sels. 

2. Tlic regular and .«omotime.s con.stant occurrence of blood vessel.s in the normal 
heart valve.s of some animal species and the alleged similarity of these ve.s.sel.s to 
those found in human heart valve.s. 

3. The dernon.stration of blood vc.^.cel.s in apparently normal human heart valve.s 
ranging from 2 per cent^o 74 pgj. cent.’® The increased incidence of blood vessels 
as demonstrated by more re<!cnt workers has been attributed to improvements in in- 
jection technic. 

4. The apparent ab.«enee of clinical or pathological evidence indicating present or 
past inflammatory disease in these hearts, 

5. The histological structure of the valvular ve.ssehs, i.e., the occurrence of mus- 
cular wall arteries and veins.'-^e 

0 . 1 he apparent topographical regularity of blood vessels found in human heart 
valves.25. 30, .13 

7. The apparent nondependence of the.se vcuscis on vahotliti.s, inasmuch as the 
incidence of vascularization of the several valves does not parallel the incidence of 
inflammation in them (Wcarn and hi.s collaborators,!*). 
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As against the concept of the existence of vessels in the hbroelastic 
portion of normal human iieart valves are: 

1. The existence of normal liearls n’itiiout evidence of blood vessels in the valves. 
The incidence of such normal hearts ranges, according to various authors, from 
98 per cent to 2G per cent. 

2. The extraordinarily frequent coexistence of valve intlamniation (chieflv of 
the rheumatic variety) in the great majority of specimens showing valve vasculature. 

3. The histological similarity of the vessels occurring in inflamed valves (and 
ob\ iously resulting from the inflammation) with those found in supposedlv normal 
valves. 

4. The coexistence of myocardial fibers with blood vessels which seem to extend 
into the fibroelastic portion of the leaflets (Lunger , 2 Dow and Harper^). 

Ill a series of studies carried out by the author ivith collaborators, 
the life cjmles of a large number of characteristic cardiac lesions 
occurring in rheumatic fever have been studied. These lesions are 
found in the left auricle, valve rings, valve leaflets,-'- intervalvular 
fibrosa, conduction system,-'"' aortic and pulmonic roots,'*' myo- 
cardium,-'*® blood vessels,®** and pericardium.-’® It was shown that the 
majority of these lesions may heal with such complete restitution to 
integrity that it requires the closest scrutiny to reveal stigmas of their 
past occurrence. Nevertheless, these stigmas occur with remarkable 
consistency and are very widespread, even when healing has gone on 
to completion. Using these stigmas as evidences of past rheumatic 
disease, Sohval and Gross®-'* have recently shown that calcific aortic 
valve sclerosis (Monckeberg type) is a distinct pathological entity 
(sui generis) and can exist quite apart from an underlying rheumatic 
basis. This conclusion was based on the histological findings in a series 
of hearts presenting the Dlbnckeberg process in which it was seen that 
the lesion frequently exists without appreciable evidence of any of the 
rheumatic stigmas otherwise found io very high incidence in com- 
pletely extinct but definite ancient rheumatic fever. 

It seemed then quite logical to apply the same criteria to those 
human hearts which contained blood vessels in the valves but appeared 
otherwise normal. Since it was of prime importance to establish the 
possibility of the existence of blood vessels in such otherwise seemingly 
intact hearts, it appeared advisable to first carry out those studies in a 
highly selected group of specimens least subject to criticism as to 
whether or not the valves had been the seat of a mild inflammatory 
. process. If it could be shown that such carefully selected specimens 
posses.s blood a'^csscIs in the absence of inflammatory stigmas, one could 
then enter into the statistical question on fhe incidence of blood vessels 
in normal valves. On the other hand, if it could be shown that there 
exists overwhelming evidence against the acceptance of. Aasculaiized 
human heart valves as normal, such statistical observations would be 
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of value only in that they indicate the existence of mild valvular 
lesions in perhaps an hitherto unsuspected proportion of the popula- 
tion. 

Accordingly, 44 hearts were selected from the last 4,000 autopsies 
performed in the laboratories of the Mount Sinai Hospital. Among 
these 4,000 autopsies, 700 hearts were subjected to injection by the 
author’s method.®® It may be mentioned. parenthetically that these 
injected specimens did not show as high an incidence of vasculature 
in the supposedlj’ normal hearts as did the noninjected specimens. The 
reason for this will become clear in the discussion. 

To recapitulate, these 44 specimens presented no evidence clinically 
and, by currently acceptable standard.s, no evidence grossly that the 
heart had been subject to previous inflammatory disturbance. Syph- 
ilis was carefully ruled out by the history and Wassermann test. In 
the light of the microscopic findings present in these specimens, it must 
be mentioned that a careful review of the gro.ss material revealed in- 
conspicuous macroscopic changes in the leaflets or chordae tendineae 
attachments (such as small isolated thickenings of the leaflet edges, 
minor straightening of the scalloped borders, occasional abrupt in- 
sertions of the chordae tendineae into the cusps, etc.) which in retro- 
s-pect undoubtedly represent minimal gross abnormalities. These were, 
however, of so mild an extent and simulated so closely the wear and 
tear tension changes commonly found in these leaflets that they could 
not be interpreted as evidences of di.sease without corroboration of the 
microscopic findings. 

These specimens were fixed in 10 per cent neutral formalin saline* 
and sectioned by the standai’dized technic of Gross, Antopol, and 
Sacks.^^ The sections were stained according to the methods previ- 
ously described by Gross and Ehrlich.®® In the microscopic examina- 
tion of these hearts, particular attention was paid to the following 
seventeen sites, viz., endoeai'dium, myocardium and pericardium of the 
left auricle, ringsf and leaflets of the mitral (anterior and po.sterior), 
aortic, tricuspid and pulmonic valves, intravahmlar fibrosa of the 
anterior mitral leaflet, roots of the aoi-ta and pulmonary artery, and 
pericardium as a whole. 

In order to compare the incidence of lesions in these .sites Avith those 
po.ssibly occurring in hearts from individuals Avho had no history in- 
dicating cardiac affection and Avhose vaHes were normal micro- 
scopically and po.ssessed no blood A'e.ssehs — in other words, normal 
control hearts — a series of 100 specimens were .studied by the same 
methods and charted .statistically under the seventeen sites mentioned 
aboA'e. In addition, there Avere also examined hearts from 13 eases 

formaldehyde, XJ. S. P., 10 parts; 1 per cent sodium chloride solution, 
JO parts. Tills solution Is rendered neutral ■with a we<ik alkali. 

tPor definitions of these sites see reference 1. 
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of grossly inonovalvular extinct rheumatic disease, 50 human hearts 
injected by Wearn’s technie,^^ 50 calf hearts similarly injected, 50 
uninjected calf hearts, uninjected and injected swine, sheep, rabbit 
and guinea pig hearts, and serial sections from numerous human, ox, 
and swne embryos. 

MICROSCOPIC FINDINGS IN 100 CONTROL HEARTS WITH NORMAL 
NONVASCULARIZED VAL\T2S 

Reference to Table I discloses the fact that lesions in the left auricle 
(endocardium, myocardium, and pericardium) were represented in 
these control specimens by reduplications of the endocardium in 20 per 
cent of the cases. These were delicate, flat and collagenous, invariably 
occurred in the older age periods (generally from the sixth decade on), 
and have already been described by the author^'* as probably represent- 
ing a sclerotic proliferative process which can be generally dif- 
ferentiated from the reduplications found in rheumatic disease. In 
15 per cent of the eases very mild scatterings of lymphocytes and occa- 
sional dilated capillaries were found in the pericardium of the left 
auricle. These mild infiltrations are undoubtedly attributable to the 
fact that in a number of these eases there were present inflammatory 
lesions of the lungs witli, possilily. some contiiiguity process to the 
pericardium. No inflammatory lesions were found in the left auricular 
myocardium, and, more significantly, in no instance were lesions found 
in two or three of these sites in the same left auricle. 

It has already been shown by Gross and KugeP that capillaries only 
were found in the valve rings of 100 normal hearts with the following 


frequencj’' : 

Anterior mitral valve ring 1 % 

Posterior mitral valve ring 2% 

Aortic valve ring 0% 

Tricuspid valve ring 14% 

Pulmonary valve ring 7% 


These capillaries are very delicate, generally circular on cross-section 
(except in the tricuspid ring where they frequently appear as large 
sinusoidal spaces) , in no way resemble granulation tissue, and are not 
surrounded by inflammatory cells. The fibroelastic leaflets distal to 
these rings presented no vasculature whatsoever. This absence of 
blood vessels was confirmed in many instances by injection and by 
serial sections. 

Of great importance is the fact that the valve leaflets showed no 
appreciable thickening or reduplication of the proximal layers (aurieu- 
laris layer of the auriculoventrieular valves and ventricularis layer of 
the semilunar valves) and, except in the oldest age periods, no evi- 
dence of absorption of the chordae tendineae. The closure line of the 
leaflets occasionally showed mild fibroelastic thickenings. 
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The intervalviilar fibrosa was eomj)letely devoid of caiiillaries or 
inflammatory cells both in the main body of this strnetnre (annulus 
extension) as well as in the boundary betiveen the left auricular 
mjmcardial wedge and the annulus extension. Inasmuch as repeated 
reference will be made to this boundaiy, which extends from the region 
of the aortic ring to the tip of the left auricular myocardial wedge, this 
site will be termed “myocardial fibrous boundary of the intervalvular 
fibrosa.” 

It has already been shown by the author"' that capillaries are occa- 
sionally present between the fibroelastic and muscular strands of the 
pulmonic root media in approximately 24 per cent of normal hearts. 
Those capillaries are extremely inconspicuous, arise from the blood 
vessels in the adventitial layer, and rarely penetrate beyond the inner 
third of the media. Rare capillaries confined to the medial-aclvcntitial 
zone were observed in 25 per cent of normal aortic roots. Scars were 
rare and inconspicuous. 

In 10 per cent of these control hearts mild scatterings of lympho- 
cytes were noted in the pericardium of several of the standardized 
blocks. As mentioned before, hoAvever, these lymphocytes .showed no 
particular concentrations, nor were there present increased numbers 
of capillaries or other findings suggestive of a previous rheumatic 
pericardial lesion.'*” 

Of great importance is the fact that of the seventeen sites under 
which these .statistics wore listed, le.sion.s were never found in more 
than three of these sites in any of the hearts of the normal non- 
vaseulai’ized control series. In the vast majority of cases, only one 
lesion was present. This consisted either of a flat reduplication of the 
left auricular endocardium or of capillarization of one of the rings, 
chiefly the tricuspid. 

MICROSCOPIC FINDINGS IN THIRTEEN HEART.S WITH GROSSI.V MONOVAIWULAR 

EXTINCT RHEUMATIC DISEASE 

In contrast to the paucity of the above mentioned findings are the 
extraordinarily high incidence and con.sistent occurrence of stigmas 
in extinct rheumatic disease recognizable grossly and microscopically 
as such. The lesions present in these hearts have alread}' been re- 
ported by Sohval and Gross”® in their .studies on aortic calcific selero.sis 
of the Monckeberg type. The statistical data in this group, rather 
than in a group of extinct gro.ssly polyvalvular rheumatic di.sea.se, have 
been selected to be presented in this report, ina.smueh as it appears 
of value to compare the incidence of le.sions in the 44 supposedly 
normal vascularized valve hearts with a series which could be con- 
sidered definitelj* i-heumatic in Avhich, however, the gi’oss lesions 
showed minima] deviation from the normal. 
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As will be seen from Table I, the lesions in this group Avcre extraordi- 
narily common and widespread in the seventeen sites referred to in this 
report. Particular attention should be directed to the incidence of 
lesions in the left auricle, in the various rings and valve leaflets, in the 
fibrous boundary of the intervalvular fibrosa, in the great vessel roots, 
as well as in several pericardial sites. It appears then fi-om these find- 
ings that rheumatic fever leaves a very high incidence of inconspicuous 
but widespread stigmas in eeidain sites of the heart, even when the in- 
flammatory process has become completely extinct and when the dis- 
ease was, so far as one could discern, relatively mild. 

JIICROSCOPIC EIKDIN'GS IN ROIITY-EOUB SUPPOSEDLY NORMAL HEARTS 
POSSESSING BLOOD VESSELS IN THE VALIUMS 

The not infrequent discovery of rheumatic lesions in hearts at the 
autopsy table, from iiatients in whom there is no history of rheumatic 
fever and in whom this disease has never been suspected during life, 
is well known to iiathologists. Hawking"** has reeentl}’- reported that 
in addition to those in whom the condition -was diagnosed clinicallj" 
as rheumatic fever, 1.2 per cent of 1,380 necropsies on other patients 
dying at the Presbyterian Ho.spital revealed evidence of clinically un- 
suspected rheumatic heart disease. Careful search through the stand- 
ardized sections of the 44 hearts comprising the group under discussion 
revealed the surprising fact that four of them presented myocardial 
Ascholf bodies (Fig. 1). Inasmuch as these hearts were carefully 
selected to rule out all clinical and gross anatomical evidence of ab- 
normality, this observation becomes extremely important to the prob- 
lem under discussion. First, it indicates that apart from the autop.sy 
findings of “silent” rheumatic hearts, this disease may exist in an ac- 
tive state (Rothschild, Gross, and KugeP*) with, however, such sub- 
dued virulence that the only other suggestive evidence of its existence 
is the presence of blood vessels in the valves which otherwise appear to 
be grossly intact. Second, the incidence of rheumatic stigmas in these 
four hearts is not significantly different from the other .supposedly 
normal hearts -w'ith A'aseidarized vah'es so that, were it not for the 
discovexy of the Aschoff bodie.s, they would properly fall into this 
group. 

In order to avoid confusion of the issue, the incidence of the iheu- 
matie stigmas in the seventeen selected sites are listed in Table I under 
the following headings : 44 cases with supposedly normal vascularized 
valves, four of which, howevei’, revealed Aschoff bodies in the myo- 
cardium ; 40 eases with supposedly normal vascularized vaPms in which 
the four eases xvitli Aschoff bodies ai‘c eliminated ; fouj’ cases with sup- 
posedly normal vascularized valves which I’evealed Aschoff bodie.s in 
the myocardium. 
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It win be noted that in the three subdivisions of tliis group, the in- 
cidence and distribution of lesions bear a striking similarity to those 
. found in the extinct rheumatic cases. Of considerable importance and 
, interest are the findings in the left auricle. As will be observed, lesions 
were found in the endocardium and myocardium and, particularly in 



Fig-. 1. — Case from supposedly normal vascularized valve series. Patient aged 
fifty-nine years. Hematoxylin and eosin stain. Aledium power. 

Typical Aschoff body in interventricular septum. 

Fig. 2. — Case from supposedly normal vascularized valve series. Patient aged 
twenty-nine j-cars. Hematoxylin and eosin stain. Medium power. 

Gross-section through anterior mitral leaflet showing injected blood vessels situated 
within the aurlcularis layer. A, auricularis layer containing blood vessels surrounded 
by lymphocytes ; S, spon'giosa layer. Note sex-eral injected vessels near basal portion ; 
V, fibrosa layer; D, ventricularis layer. 

the pericardium, with a frequency considerably above that found in 
the control nonvaseularized valve series, and, moreover, the incidence 
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of these lesions is approximately the same as that noted in the extinct 
monovalvular rheumatic series. Furthermore, in 69 per cent of this 
series lesions were found in two or more of the three auricular sites 
examined. This is in sharp contrast to the findings in the nonvascu- 
larized control series. 

The incidence of capillaries together with scatterings of Ijonphocytes 
in the various valve rings again approach very closely that found in 
the extinct rheumatic series. This, therefore, is another distinct dif- 
ference from the normal non vascularized controls. In most instances, 
these capillaries were thicker than those occasionally found in normal 
rings. They were sometimes surrounded by scatterings of lympho- 
e 3 des. Not infrequently, these le.sions were disti’ibuted within scarred 
ring spongiosa and annulus. 

The findings in the valve leaflets vdll be diseussed in the following 
section. Suffice it to say here that many of the leaflets showed redupli- 
cations of the proximal layers and that blood vessels frequently oc- 
curred in these same lajmrs and Avere generally surrounded by mild 
lymphocytic infiltration (Fig. 2). 

During the first three or four decades of life, the normal myocardial- 
fibrous boundary of the intervalvular fibrosa consists of an inconspicu- 
ous connective tissue layer situated between the closely apposed left 
auricular myocardial Avedge and the main collagenous annulus exten- 
sion of the inter\'alvular fibrosa. Capillaries and inflammatory cells 
are not present either in the boundary or in the intervalAuilar fibrosa 
proper. In later age periods accumulations of fat tissue are deposited 
AAuthin this boundary zone. This tissue generally possesses delicate 
capillaries betAveen the areolar seiitums. Of paramount interest Avas 
the obserAmtion that in 71 per cent of the hearts comprising the so- 
called normal Amscularized Amh-e series, a definite lesion existed AA'ithin 
the myocardial fibrous boundary (Figs. 3, 4, 5) and in 21 per cent, 
Avithin the annulus extension of the interAmlAuilar fibrosa (Pig. 5). In 
the former the lesion consisted of a loose reticular tissue containing 
many stout and often distorted capillaries. Rare lymphocytes Avere 
oeeasionalty present. These lesions could be easily differentiated from 
the normal fat accumulations, IMoreover, they occiUTcd Avith great 
regularity cA'en in the earliest age periods. In the annulus extension 
of the intervah'ular fibrosa, capillaries Averc observed penetrating for 
a A’ariable distance toAvard the endocardium. These Avere occasionally 
surrounded by lymphocytes. These findings, therefore, by themselA'es 
sharply differentiate the so-called normal vascularized valve series 
from the normal nonAmseularized controls. 

Capillarization of the pulmonic root as Avell as lesions of the aoi’tic 
root (capillaries and sears) occurred in very high incidence. Indeed, 
the incidence bore a striking resemblance to that found in the mono- 
A-ahmlar extinct rheumatic series. In 74 per cent of the heaids several of 
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the standardized blocks from the same ease showed pericardial lesions 
These consisted generally of scattered lymphocytes which often tended 
to concentrate in the neighborhood of the lamina propria layer (Fig. 6). 
Moreover, there was often a definite increase in the size and number 
of capillaries udthin the pericardium, and also a uddening and thicken- 
ing of the septums of the areolar tissue. These findings are in distinct 



Fig. 3. — Case Irom supposedly normal vascularized valve series. Patient aged 
thirty-one years. Weigert’s elastic and van Gieson’s connective tissue stain. Low- 
power. 

Cross-section through basal portion of anterior mitral leaflet including left 
auricular myocardial wedge. Aj auricularis layer containing an injected vessel ; B. 
spongiosa layer; G, flbrosa layer; D, ventricularis layer; E, left auricular myocardial 
wedge ; E, myocardial-flbrous boundary of intervalvular fibrosa containing numerous 
capillaries witliin a reticular framework; G, annulus extension of intervalvular 
flbrosa. 

Fig. 4. — Case from supposedly normal vascularized valve series. Patient aged 
thirty-six years. Hematoxylin and eosin stain. Medium power. 

Cross-section through annulus extension of intervalvular flbrosa including left 
auricular myocardial wedge. -A, left auricular myocardial wedge; B, annulus exten- 
sion of inteiwalvular flbrosa ; C. myocardial-fibrous boundary of intervaUaflar fibrosa 
containing gianulation tissue typo vessel.^ within a reticular framework. 
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contrast to the 10 per cent incidence of mild lymphocytic scatterings 
found in the normal nonvaseulai’ized valve control series. 

Of greatest importanee is the fact that every heart in tliis series 
showed lesions in at least six of the seventeen sites selected (not listed 
in Table I). The average heart showed lesions in ten or eleven sites, 
and several in sixteen or seventeen sites. A further significant diifer- 



o. — Case from sujjposedly normal vascularize! valve series. Patient aped 

nineteen years. Hematoxylin and eo.sin stain. Medium power. 

Cro.s.s-section throuKh anmilu.s extension of intervalvular flbrosa incIudinR left 
auricular myocardial wedite. A, left auricular myocardial wedve: li, annulus exten- 
sion of intervalvular fibrosa. Note penetrating c?.pillaric.s f injected) surrounded by 
scattered lympbocytc.s. C, rnyocardlal-flbrous boundary of intervalvul.ar fibrosa con- 
taining granulation tissue type vessels within a reticular framework. Note penetra- 
tion of the.se capillarie.s into annulu.s exten.sion. 

Fig. C. — Ca.se from .suppo.sedly normal t'a.scularized v.alve serie.s. Patient aged 
twenty-seven year.s. Hematoxylin and eo.sin stain. Jledium power. 

Cross-section through pericardial portion of left auricle. A, left auricular myo- 
cardium; a, pericardium infiitiated with lymphocytes. Note concentr.-ition of Ij’rnpho- 
eyte.u .around O, lamina propria. 
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enee from tlie normal nonvascnlarized valve control series was tlie fre- 
quent presence of delicate reduplications of the proximal valve layers 
and the occasional early absorption of chordae tendineae insertions."" 

It is obvious, therefore, that this series differs marked^ from the 
normal nonvascnlarized controls in the high incidence of inflammatory 
stigmas; in their vdde distribution; in the association of reduplications 
on the proximal valve la.vers, however mild; in the liigh incidence of 
ring capillarization ; and in the almost invariable presence of stigmas 
in the left auricle, myocardial fibrous boundary of the intervalvular 
fibrosa, great vessel roots, and pericardium. The significance of these 
findings will be taken up in the discussion. 

JnCROSCOPIC FINDINGS IN FIFTY HL^LVN HEARTS AND IN THE HEARTS OF 
SEVER.H, SPECIES OF ANTHALS INJECTED BY WEARN’S TECHNIC 

The following pertinent facts concerning the Iiistological structure 
of the calf’s heart should be borne in mind: the spongiosa of the 
auriculoventricular A^alves generally contains large quantities of fat 
tissue; both the ring and the spongiosa layer contain capillaries, 
arterioles, and arteries which extend for a variable distance toward 
the free edge of the leaflets ; occasional vessels are present within the 
arterialis layer of these leaflets and capillaries may sometimes be seen 
within the vcntrieularis mantle of the intervahnilar fibrosa; the 
collagenous layer (annulus extension) of the latter, however, rarely 
contains vessels ; the aortic ring invariably contains numerous vessels 
confined to an extraordinarilj* large ring spongiosa; these vessels 
generally do not ascend for any appreciable distance toward the free 
edge of the aortic leaflets — when they do so, however, they lie within 
the spongiosa layer; reduplications of the proximal valve layers and 
inflammatory cells are not found in the normal caK’s heart. In con- 
trast to this, the blood vessels within the valve leaflets of the sup- 
posedly normal human heart valves generallj^ lie witliin the proximal 
layers of the valve leaflets and are not infrequently surrounded by 
scatterings of lymphocytes. 

Blood vessels could be seen macroscopically as well as microscop- 
ically within the valve leaflets of the uninjected calf hearts. These 
vessels were also seen in the injected specimens. Furthermore, it was 
observed that, Avhen the injection technic was varied, this did not ap- 
preciably influence the incidence of successful injections. Thus, for 
example, when the pressure was dropped to as low as 80 mm. of 
mercury, successful injections were obtained. It is possible, however, 
that in these specimens there was less complete filling of the vascular 
network. Similar observations were made on a number of SAvine and 
sheep hearts. On the other hand, neither macroscopic nor microscopic 
studies of injected and uninjected rabbit or guinea pig hearts disclosed 
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capillaries witliiii the fibroelastie portions of the leaflet, irrespective of 
the technic employed. It becomes obvion.s, therefore, that, if blood vessels 
are present in valve leaflets, no unusual injection technic appears to be 
necessary for their successful demonstration. Furthermore, however 
successful the injection technic may be, the results rarely equal the 
findings as disclosed by microscopic observation. For, even in tlie 



Fie. 7. — Frontal section through 11 cm. (crown-rump) human embryo. Hematoxylin 
and eosin .stain. Medium power. 

A, interventricular septum ; B, wall cf left ventricle : C, anterior mitral IcJifleL 
Note spongy structure and absence of blood vessels. I>, left auricle. 

Fig. g. — Frontal section through 30 cm. (crown-rump) o.x embo’o. Hematoxj’lin 
and eosin stain. Medium power. 

Interventricular septum ; B, wail of left ventricle ; C, anterior mitral leaflet. 
Note spongy structure containing nume-rous capillaties. 


most succe.ssful injection, the injection mass does not penetrate every 
capillary within the valve leaflet or myocardium, whereas microscopic 
examination invariably reveals these uninjeeted vessels. 
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The results of injecting the human hearts were similar to the find- 
ings mentioned above. Thus, of the fifty hearts injected by this 
method, only four showed gross vascularization of the anterior mitral 
leaflet. All four hearts, however, had gross alterations of the valves, 
which, though not advanced, were nevertheless suggestive of a healed 
rheumatic process. This Avas confirmed by subsequent examination of 
the above mentioned seventeen cardiac sites. Incidentally, tliis exami- 
nation revealed ring capillaries (normal) in several of the hearts, not 
disclosed by the injection technic. It seems, therefore, that, Avhenever 
the heart vah'es possessed blood vessels, thej'’ could be immriably 
demonstrated microscopically, and Avhile a successful injection afforded 
a more spectacular display of the A^essels, these methods in no AAmy in- 
creased the incidence of the discoAmry of blood A'essels; on the con- 
trary, the incidence of AmNe vasculature as determined by microscopic 
study Avas greater than that disclosed by the injection technic. 

mCROSCOPIC FINDINGS IN HUMAN EAIBRTOS AND IN EAffiRYOS OF SEVERAL 

ANDIAL SPECIES 

Examination of serial sections from a large number of human 
embryos ranging from 4 mm. upAvard, kindly placed at the author’s 
disposal by Professor George Streeter, of the Carnegie Institute of 
Embryology, as Avell as 20 human embryos serially sectioned in these 
laboratories, failed to disclose myocardium in the primitive valve 
cushions of the human embiyo (Pig. 7). These consist of embryonal 
myxomatous tissue AAdiich is clearly delimited from the spongy myo- 
cardium. In the auriculoA^entricular Amlves, the apex of the auricular 
myocardial Avedge not infrequently enters the base of the valve struc- 
ture, but the limits of the portion destined to be the fibroelastic struc- 
ture are sharp and distinct. Of greatest importance is the fact that, 
AAdiereas careful search through these serial sections failed to disclose 
blood vessels Avithin the valve cushions, blood vessels Avere readily 
demonstrated Avithm the valve leaflets of ox and SAvine embryos 

(Pig. 8). 

DISCUSSION 

Prom the findings reported above, it is seen that even Avheii the 
selection of the so-called normal human vascularized valve series Avas 
so carefully made that only 44 out of 4,000 specimens Avere used for the 
examination, these specimens shoAved a A’^ery dramatic difference from 
the normal nonvascularized ones. The latter Avere conspicuous for the 
paucity of stigmas in any AAmy resembling those found in the vascu- 
larized series. On the other hand, in the so-called normal Amscularized 
AmlA^e group, stigmas of preAUOus inflammatory disease Avere consist- 
ently found and bore a more than casual resemblance to those observed 
in the extinct rheumatic control series. ISIoreoA-er, in every instance a 
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number of stigmas -were found together in the same heart. The chief 
sites as noted were the left auricle, the mj'ocardial-fibrous boundary of 
the intervalvular fibrosa, great vessel roots, and the pericardium. The 
rather wide distx’ibution of these sites suggests strongly that the lesions 
found therein were not related anatomically to the vascularization 
of the valves but bore a common genetic relationsliip to it. In other 
word.s, the same agent produced both the lesions in the various sites 
mentioned, as well as the vascularization of the vah'es. 

To put it succinctly, these hearts differed completely from normal 
ones possessing no vessels within their valves. Moreover, statistically, 
as well as anatomicallj’- the differences bore a sticking resemblance to 
the findings in a definite rlieumatic series. Of great interest is the fact 
that in four of these cases (9 per cent), Aschoff bodies were found 
after careful examination of many sites, yet these latter cases did not 
differ essentially from the so-called normal vascularized scries in Avhich 
710 Aschoff bodies ivere found. As mentioned pi’eviously, were it not 
for the discovery of the Aschoff bodie.s, these four cases properly be- 
longed in the .supposedly normal vascularized valve series. These facts, 
therefore, together Avith the close resemblance in the quantity and di.s- 
tribution of the stigmas as Avell as the presence of delicate reduplica- 
tions of the proximal laj'ers of the a-uIa'cs. afiVu'cl tlie stronge.st sup- 
port to the A'ieAV that the supposedly normal vascularized valve series 
OAves the presence of blood ve.ssels in the valves to a prcA'ious mild 
and, in mo.st inigtances, completely healed rheumatic proce.ss. That 
activity may still persist in such cases, however, is shoAvn by the find- 
ing of Aschoff bodies in 9 per cent of this group of cases. In further 
support of this contention is the fact that there exists a completely 
smooth graded series of specimens desei’ibed by tlie author Avith col- 
laboi’ator.s“^’ in Avhieh the findings i-ange from those demon- 
.strated in indisputable ibeumatic heaifs (avUIi Aschoff bodies and 
other typical macroscopic and microscopic lesions) to those described 
as occurring in this sujiposedlj'^ normal A’asculai’ized A'ah'e series. 
!MoreoA"ei', the findings in the vaiaous gi’oups merge impei’ceptibly fi’om 
one group into the other. 

If it be assumed that another inflammatory disease or diseases may 
be responsible for the eventual production of these lesions, one should 
find in an appreciable number of autopsies the acute stages of some 
hitherto unknoAsm cardiac or other disease Avhich might coneeiA'ably 
produce the same stigmas. Experience AA'ith a lai'ge material has 
demonstrated that to all intents and inii'poses this does not exist. The 
relatiA^ely rare diseases Avliieli also implicate the amIa'cs. such, for 
example, as .syphilis, tuberculosis, and Libman-Saclis’ disease, are asso- 
ciated AAUth characteristic clinical and pathological findings and, more- 
over, occur .stati.stically in so Ioav a frequency' that it is ineoneeh'ablc 
that these could be re.sponsible for more than an insignificant pi’opor- 
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tion of valve vascularization. The eouclusiou, therefore, is inescapable 
— that either vascularization does not exist in normal valves leaflets or, 
if does exist, it must be extraordinarily rare. 

In a report by Ritter, Gross, and KugeP" dealing with this subject, 
several possibilities were suggested to account for the existence of 
blood vmssels occasionally found in sui)posedl5^ normal hearts. Three 
questions were asked which it seems can now be answered quite defi- 
nitely. The first one was whether it is possible that these valves had 
reallj^ been the seat of an endocarditis, that granulation tissue blood 
vessels had in this wa3* been produced, and that all signs of inflam- 
mation in the valve had disappeared without leaving appreciable 
changes other than blood vessels. The answer to this is largel^^ in the 
affirmative. It must be noted, however, that vdth more recent knowl- 
edge on the rather inconspicuous stigmas or telltale marks of ancient 
inflammation, appreciable traces are left in these hearts and can be 
found on careful microscopic examination. In this connection, one 
should emplov’- the term ‘tension changes” with considerable reserve. 
"When these take the form of definite reduplications and are associated 
with thickening of the smooth muscle of the valve leaflets, a careful 
search should be made for the stigmas referred to above. 

The second question asked bj' Ritter, Gross, and Kugel was whether 
it is possible that even though mam' of the blood vessels found in these 
valves are distinctly of the arterial and venous tjqDC, thej’- may have 
arisen none the less as granulation tissue vessels. The answer to this 
is also in the affirmative. In recent reports by Gross and Friedberg,®^’ 
it has been shown that, in rheumatic fever, muscular wall arterial 
vessels can be stimulated to formation in great numbers at various sites 
within the endocardium of valve leaflets (subaortic angle, arterialis 
lajmr, etc.) in which thej^ are otherwise not normally present. Further- 
more, during the active phases of rheumatic fever, varioiis stages in 
the development of these vessels may be found. 

The third question asked hy the above mentioned authors was 
whether serial sections might have disclosed evidence of inflanunatory 
lesions in those instances in which single section failed to disclose 
them. As already mentioned, the newer data on the end-results of in- 
flammatorv lesions furnish a means of discerning evidences of past in- 
flammation even without serial sections. It cannot be denied, however, 
that before a valve can be considered normal, serial sections must be 
made. 

The existence of vascularized valves normally in a number of species 
of aniiuals has been a stumbling block to manj* of the investigators in 
this held, for it is a great temptation to assume that the blood vessels 
sometimes foimd in human heart valves are analogous to the former. 
That this is not the case, however, is cleailv shown by the above men- 
tioned findings. 'When vessels are present in a given species, thej^ can 
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lie found ivitli the greatest ease, they occur consistently, they are not 
associated with aity inflammatory stigmas and they can be found in- 
variably on microscopic examination. On the other hand, injection 
technic does not demonstrate valve vascularization in those species in 
which, this does not normally occur. 

It has already been shown that aiiimals normally possessing vaseu- 
lai’ized valves also show vessels in sections of the embryo heart valves. 
The human embryo, however, possesses neither myocardium nor blood 
vessels in the valves. It appears, therefore, that Langer’s contention 
is no longer tenable and this observation removes any logical basis for 
the origin of such vessels in normal human heart valves. 

There remains, therefore, to discuss the reason for the discrepancies 
between the flndings herein recorded and those reported by other re- 
cent observers, particularly by Wearn and his coworkei’s. It is the 
contention of the latter authors that with improvement in injection 
technic, they were able to obtain an increasing incidence in vasculariza- 
tion of human heart valves until it reached T4 per cent. Nevertheless, 
they point out that in twelve valves from a series of eighty-eight sup- 
posedly normal hearts they were able to demonstrate blood vessels 
microscopically when injection failed to do so. This observation is 
similar to the one made by the present author in 1921^® and is con- 
firmed by the studies herein presented. In this connection, it is of in- 
terest to note that although the author’s injection technic®® was found 
superior to that employed by Wearn, apparently no injection technic 
thus far deidsed can as faithfully portray the incidence of vasculariza- 
tion or capillarization as can the micro.scope, particularly if serial sec- 
tions are used. It appears, therefore, that one must search for another 
source for the vasculature demonstrated by "Wearn and his coworkers. 

It has been shovm above that human heart valves which possess 
blood vessels in the fibroelastic portions are not normal. However, to 
assume that 74 per cent ( Wearn ’s figures®) of liearts coming to autopsy 
could liave been the seat of an inflammatory lesion of the valves is un- 
tenable. Although Wearn states that the most common distribution 
of vessels in the mitral leaflet is an extension of from 3 mm. to 7 mm. 
into the free leaflet and that in 40 per cent of the i-ascularized tri- 
cuspid valves the vessels extended to about one-half the distance to 
the free edge, it is sugge.sted that in the majority of his cases (i.e., 
those not the seat of inflammatoi’y stigmas) this extension below the 
base possibly represents a macroscopic appraisal of the injection and 
that a microscopic examination of this mateiial would reveal that 
these vessels lie in the apex of the auricular myocardial wedges. In 
c.stimating the extent of these ivedge.s, it mu.st be home in mind that 

•since this article was submitted. M'e.arn and his a.ssociate.s (Am. Hcap.t J. 1.1 ; 7. 
1937) reported that only 1,3 per cent of the aurlculoventricular valve.s examined by 
them would be accepted by Gross and Kuffel as being truly vascularized. 
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sclerotic changes not infrequently produce scarring to such an extent 
that the limits are not sharp. However, a careful examination of a 
van Grieson stained preparation will generally reveal isolated myo- 
cardial bundles from which the original extent of the wedge may be 
reconstructed. It is further suggested that the semilunar valves, which 
displayed vasculature in considerably lower incidence, either belonged 
to diseased hearts of the type herein described under the group of so- 
called normal hearts with vascularized valves, or possessed vessels con- 
fined to the ring region. A low incidence of vessels in the latter site 
is apparently normal. 

Inasmuch as the thesis vdth which this report concerns itself deals 
with the existence of blood vessels situated within the fibroelastic por- 
tions of the valve leaflets as defined by Gross and KugeP and employed 
in these studies, it does not appear to be of any further interest to 
describe the course of blood vessels which occur in myocardium or 
such portions of the root of the valve as stiU possess some extension 
of the auricular mjmeardial wedge. The original stimulus to in- 
vestigate this problem has been to verify or denj^ Koster’s claim'''* that 
the existence of blood vessels in normal valve leaflets affords an ana- 
tomical basis for the assumption that endocarditis is of embolic origin. 
Although such embolic origin is undoubtedly true, at least in some in- 
stances of the bacterial endoearditides, in the light of these studies 
it cannot serve as an explanation for the origin of rheumatic valvulitis. 
Furthermore, even if the vessels were conceded to extend for a short 
distance into the base of the valve, this would certainlj^ not account for 
the formation of verrucae at the closure line, a considerable distance 
beyond the base of the valve. 

Wearn and his collaborators have shovni that aceordmg to their 
figures the incidence of valvulitis does not correspond to the incidence 
of vascularization of the valves. Thus, valve vascularization was noted 
by them in the folloiving order of frequency: mitral, tricuspid, pul- 
monic, aortic. They, therefore, do not link up the incidence of vascu- 
larization with that of endocarditis. These findings, however, do not 
correspond to the observations made in these laboratories. In previous 
reports, Gross and Friedberg^^’ have demonstrated an extraordi- 
narily high incidence of vascularization of the valves in rheumatic fever, 
this occurring almost invariably in the mitral, aortic and tricuspid 
valves and somewhat less frequently in the puhnonic. Moreover, ap- 
proximately the same incidence of vascularization is found in the rings, 
even when vessels fail to extend into the fibroelastic portion of the leaflet 
distal to the ring. Thus, the existence of vahnilitis parallels the presence 
of blood vessels pro-vided the ring is considered part of the valve leaflet. 
As has been shown, however, overwhelming evidence at present available 
points to the fact that these blood vessels are secondaiy to the inflamma- 
tion. 
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SUMMARY 

There have been described in this report the findings in 100 non- 
vaseularized normal hnnian valves, 44 Iniman heails in Avhich the 
valves were vascularized but appeared grossly normal, 13 hearts from 
extinct monovalvular rheumatic disease, 50 liuman hearts, 50 calf 
hearts, and a number of rabbit and guinea pig hearts injected by 
^Yearn’s technic, as well as a number of uninjected calf, swine, rabbit 
and guinea pig hearts, and swine, ox and human embryos serially sec- 
tioned. It is shown that the so-ealled normal vascularized human 
hearts present widespread stigmas which in incidence and distribution 
bear strikitig resemblance to the findings in undisputed, extinct 
rheumatic specimens. Reasons are given which indicate very strongly 
that rheumatic fever, which has gone on to complete healing, is re- 
.sponsible for the formation of these blood vessels. Tt is further shown 
that rheumatic fever can joroduec muscular vessels as one of the i-e.sults 
of granulation tissue evolution. A description is given of the normally 
vascularized calf heart valves, and attention is drawn to the differ- 
ences between these valves and their blood vessels, and those some- 
times found in human hearts. It is further shown that while ox and 
swine embryos display blood vessels in their valves, these are not 
found in the heart valves of human embryos. As a consequence, there 
exists no rational cmbryogenetic basis on which to explain the oc- 
currence of blood vessels found in human heaiis, 

A discussion of injection technic together with new observations 
reinforces the belief that such technic affords no information to the 
problem under discussion which cannot be better obtained by micro- 
scopic observations on serial sections. The conclusion is di'awn that 
blood vessels do not exist in normal valves or, if they do, they must 
be very rare. 
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STUDIES IN CAEDIOVASCULAR SYPHILIS 


I. TeLEROBNTGENOGRAPHY IN' THE DIAGNOSIS OP EAREY SYPHILITIC 

Aortitis: A Comparison op Findings in 1,000 Syphilitic 
AND 600 Nonsyphilitic Individuals* 

Jarold B. Kemp, M.D., and IC. D. Cochems, M.D. 

Chicago, III. 

C URRENT interest in the diagnosis of cardiovascular syphilis centers 
in the effort to recognize early sj^ihilitic aortitis uncomplicated 
hy aortic insufficiency or saccular aneurj’-sm. The prevention of these 
later and usually fatal complications depends in part on the adequacy 
of treatment of early syiihilis, but much more largely, considering the 
relatively small number of recently infected persons who receive such 
adequate treatment, on the recognition of the aortic lesion, before it 
has produced irreparable anatomical damage. 

The-failiire to recognize early aortitis in the living patient is due in 
part to the often silent course of the lesion and in part to confusion 
arising from the fact that the symptoms and clinical signs which it 
produces may be closely duplicated by two common nonsyphilitic con- 
ditions — essential hjqpertension and arteriosclerosis. The great dis- 
crepancy which exists between the clinical and autopsy diagnosis of 
early syphilitic aortic disease has been pointed out by IMoore, Dan- 
glade, and Reisinger,^ who found that only 4, or 3.8 per cent, of 105 
cases of syphilitic aortitis proved at autopsy had been diagnosed dur- 
ing life. 

With added clinical experience, however, many observers have ac- 
quired increasing confidence in their ability to diagnose early aortitis 
correctly in a high proportion of cases. By the expedient of clinical 
restudj’- of living patients, Moore and IMetildi," for example, have 
shown that 19.1 per cent of 115 patients diagnosed as uncomplicated 
aortitis subsequently developed indubitable and graver forms of car- 
diovascular syphilis, therebj" establishing the validity of the earlier 
and more difficult diagnosis. In an additional 35.6 per cent, there 
was presumptive evidence that the original diagnosis was correct. 
These worhers feel, therefore, that in certain instances, the diagnosis 
of aortitis may be safety made even in the presence of essential hyper- 
tension and arteriosclerosis, or both. They list seven diagnostic cri- 
teria for uncomiilicated syphilitic aortitis as follows: “(1) Teleradio- 
graphic and fluoroscopic evidence of aortic dilatation; (2) increased 
retromanubrial dullness; (3) a liistory of circulatory embarrassment; 
(4) a tympanitic bell-like, tambour accentuation of the aortic second 

•From the Syphilis Division of the P.iiblic Health Institute, Chlcag-o, 111. 
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sound; (5) progressive cardiac failure; (6) substernal pain, and (7) 
paroxysmal dyspnea.” They insist that to justify the diagnosis of 
uncomplicated aortitis, at least three of the above criteria must lie 
present in a patient vdth known late syphilis but without mitral dis-^ 
ease. Their point of mew has not yet met Avith general acceptance. 

Since aortic dilatation is a pi*ominent feature of syphilitic aoititis 
at autop.sy, it is not surprising that many roentgenological studios have 
been carried out in the effort to aid in its early diagnosis. As a re- 
sult of these studies, most workers in this field are agreed that in 
syphilitic aortitis there is usually diffuse dilatation and loss of elas- 
ticity of the aorta, increased density of the root and sometimes of the 
knob, and, in particular, localized dilatation and excessive pulsation 
of the first portion of the ascending aorta (Steel,® Sproull,'' Bi’own,-’’’ 
Kurtz and Eyster,^ and Hampton, Bland, and Sprague’^). Opinions 
concerning the value of roentgenological studies in the diagnosis of 
uneomplicated syphilitic aortitis are conflicting. However, a few ob- 
servers, particularly Maynard and his a.ssociates,® believe that in cer- 
tain instances the diagnosis of simple aortitis may be made by tele- 
roentgenogram even in the absence of symptoms or clinical signs. Jlost 
roentgenologists feel that in order to obtain an accurate estimate of 
the aortic .shadoAv, fluoroscopy must be combined Avith one of the more 
exact methods of accurate measurements of the outline of the heart 
and great vessels: orthodiagraphy, kymography, or teleroentgenog- 
raphy. 

PROBLEM 

Since teleroentgenogi-aphy is the method most commonly used for 
men.suration of the aortic .shadoAA% this study Avas undertaken to de- 
termine as accuratelj^ as possible its A'alue in the diagnosis of earlj' 
uncomplicated syphilitic aortitis. Having available data on a large 
number of unseleeted sjTohilitic and nonsyphilitic individuals Avith 
identical cardiac examinations, including teleroentgenographic studies, 
it occurred to us that a comparison of the tAvo groups might provide 
a more accurate ansAver than prcA'ious studies of smaller gi'oups of 
patients. 

Material Studied 

The material of tliis study is compiled from the records of patients 
admitted to the Public Health Institute during the past thirteen years. 
Prior to its reorganization in 1931, cardioA'ascular examinations, in- 
cluding a complete medical history and physical examination, at least 
Iavo blood pressure observation.s, a teleroentgenogram, and an electro- 
cardiogram, Avere required of the majority of patients AA^hether or not 
they had Amnereal disease. While these procedures are CA'idently un- 
necessary except in patients AAdth gjiihilis, and haA'c since been dis- 
continued, the material gathei’ed in the application of this routine has 
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made available for analysis and comparison a large amount of informa- 
tion about botli syphilitic and nonsyphilitic individuals of analogous 
age, sex, and occnpational groups.* 

The method of study in all iiatients was as folloAvs: About 2,500 
x-ray films of nonsyphilitic and sy^ihilitic persons Avere examined. 
Of these, nearly a thousand . Avere discarded because of technical im- 
perfections in the roentgenogram: i.e., films blurred, not centered 
properly, stained by chemical deterioration, or unmeasurable as to 
aortic Avidth because of other mediastinal shadoAvs. When the roent- 
genogram Avas sufficiently satisfactory to permit accurate measure- 
ments of the Vaquez-Bordet® aortic arch Avidtli and of the size of the 
heart, the patient's history Avas AAdthdraAvn from the files and analyzed 
for the pertinent factors of race, sex, age, tiie presence or absence of 
nonsyphilitie heart disease, including the presence or absence of periph- 
eral arteriosclerosis, blood pressure, cardiac, and Vaquez-Bordet 
aortic arch measurements, the presence or alisencc of syphilitic infec- 
tion, the duration of syphilis A\dien knoAvn, the type and amount of 
antisjqDhilitic treatment receiA’ed by the patient before coming to this 
clinic or before the cardiac examination Avas made, tlie presence or 
absence of sjqihilitic heart disease, the results of fluoroscopic examina- 
tion, and the presence of signs or symptoms of uncomplicated syph- 
ilitic aortitis. These data Avere transferred to punch cards through 
the courtesy of Dr. Herman N. Bundesen, Commissioner of Health of 
Chicago, and Avere subjected to statistical analysis. It is felt that the 
manner in Avhich this material Avas selected guarantees against possible 
artificial selection and precludes the question of the unconscious selec- 
tion of material by reference from a syphilis to a cardiac clinic. There 
Avere available 600 records of nonsjqihilitic individuals and 1,000 of 
persons AAdth syphilis. 

The absence of syphilis in the group of 600 nonsyphilitie persons 
Avas determined by the absence of a history of infection and of symp- 
toms or physical signs attributable to syphilis, and by the presence of 
a negath^e serological test in each member of the series. The existence 
of syphilis in the 1,000 s.Aq)hilitic patients Avas established in eA^ery 
instance by indisputable anamnestic, clinical, or laboratory CAddence. 
All stages of syj)hilitic infection are represented from the chancre to 
general pare.sis. 

^ RESULT.S 

A summary and comparison of the syphilitie and nonsjqihilitic mate- 
rial by age groups and by the presence or absence of eardioA'ascular 
abnormalities is presented in Tables I and II. f A tabulation by sex 

*AA’e wish to express our thanks to Dr. .Toseph Earle Moore for his .advice and 
lielp in the compilation of these data and to Miss Usilton, of the U. S. Public Health 
Service, for tlie preparation of the scatter charts published herewitli. 

tin the compilation of these data it was realized that the A’aquez-Boj-det method 
of measuring the width of the supracardlac shadow is not a true estimate of the 
diameter of the aorta. It was adopted, however, because it is the method most 
comtnonly uscil in interpreting teleroentgenogi'aphic studies of tlie cardiovascular stripe. 
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is omitted, since the group of females is small and since there were 
no strildng differences between the sexes. The 600 nonsyphilitic iier- 
sons included 478 males and 122 females; the 1,000 syphilitic patients, 
749 males and 251 females. An analysis by race is also omitted since 
of the 600 nonsyphilitics 96.5 per cent were white, and only 3.5 per 
cent wex’e colored; and of the 1,000 53^x11111^08 92.6 per cent were 
white, and 7.4 per cent were colored. The age groups selected are 0 
to 19 3 ’’ears, and thence by decades until the age of 50 years, after 
which all decades are grouped together because of the small number 
of patients available in each of the separate later decades. As shown 
in Table I, 29.8 per cent of the 600 nonsyphilitic individuals had some 

Table I 

Nonstphilitic Patients According to Age Groups and Type or Cardiovascular 

Abnormalioty 
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421 

179 (29.8%) 

31 
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demonstrable abnormality of the cardiovascular apparatus. This was 
practically the same as the incidence of nonsyphilitic heart disease 
(30.6 per cent) occurring either alone or in combination with syphilitic 
heart disease among the 1,000 syphilitic patients (Table 11). In both 

Table II 

Syphilitic Patients Classified According to Age Groups and Type of Cardiovas- 
cular Abnormality 
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groups of individuals and in both sexes, the incidence of some form 
of nonsyphilitic cardiovascular abnormality rises steadily with each 
decade and is apparently due to the rising incidence of hjTpertension 
and arteriosclerosis. 

The patients -with cardiovascular syphilis have been divided into 
four groups, based on the usually accepted standards of diagnosis : i.e., 
(1) aortic insufficiency occurring in the absence of a histoiy of rheu- 
matic fever and uncomplicated by mitral disease; (2) saccular 
aneurysm, in this series always of the thoracic aorta; (3) aortic in- 
sufficiency and aneurysm occurring together ; and (4) simple or un- 
complicated syphilitic aortitis. In all instances the last diagnosis was 



Fi&. 1 Nonsyphilitic males without heart disease of any type; non- 

syphilitic females -without heart disease of any tj^pe; o — o syphilitic males, excluding; 
nonsyphilitic heart, disease and cardiovascular syphilis ; o — _o syphilitic females, ex- 
cluding- nonsyphilitic heart disease and cardiovascular sjTJhilis. 

made on the basis of the presence of at least three of the criteria sug- 
gested by Moore and Metildi,^ and in none does the diagnosis rest on 
roentgenological evidence alone. These results are shown in Table HI. 
As is to be expected, the incidence of cardiovascular syphilis in any 
form, and particularly in the more serious forms, increases with ad- 
vancing age. 

The relationship of age to aortic dilatation demonstrable by tele- 
roentgenogram has been approached in two ways. In Fig. 1 is shomi 
the arithmetical average of the Vaquez-Bordet measurement by sex 
and age groups for (1) all nonsypliilitic patients vath no evidence of 
cardiovascular abnormality of any type and (2) all syphilitic patients. 
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Tabi.E III 


Type of Syphilitic Heart Disease Encoexterep ix 1,000 Syphilitic Persoxs 


AGE 

GROUPS 

TOTAL 

cases 

SYPHILITIC 
HEART DISEASE — 

COMPLICATED OR 
UX COMPLICATED 

TYPE OF SA'I'IIILITIC HEART DISEASE — COMPLICATED 
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AORTITIS 

AORTIC 
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0-19 

10 
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1 
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2 
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8 

O 
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22 

'> 

8 

0 
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9 

10 

39 

12 



127 (12.7%) 

42 

20 

47 

18 


excluding those Avitli both nonsyiihilitic and sypliilitic heart disease 
but including tliose in ivlioin tlie only CAudence of aortitis was an in- 
crease in the Avidth of the aortic arch shadoAv. Considering, therefore, 
only those nonsyphilitic and syphilitic patients Avith clinically normal 
cardioAmseular systems, there is no apparent tendency of syphilis 
per se to produce aortic dilatation OA-er and aboA^e the degree to lie 
expected Avith the passage of years. 

Since aA^erages do not correctly represent the entire stoiy, the 
maximal and minimal aortic ai’ch AA'idths obser\'ed are presented by 
age and sex in Table IV. Both in non.syphUitic and syphilitic patients 
Avith no clinical CAudenee of any form of heart disease, the maximum 
aortic arch Avidth obscrA'cd A\'as 7.6 cm. in males (age group 40 to 49 

Table IV 

Extreme Variatiox.s of Aortic Arch VTptii ix Noxsa'piiilitic axd SYPiiiLPnc; 

Patiexts of Various Age Groups With axd AA'ithout Heart Disease 
(No.xsyphilitic lx Romax Ta’pe, Sa'I'IIilitic IX Italics) 
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j^ears), and 7 cm. in females (age group 30 to 39 years). In both 
sexeSj however, in patients over the age of 50 j'ears, and in the pres- 
ence of nonsypliilitie heart disease (usually hj^iertension plus arterio- 
sclerosis), the maximum width for males was 9.7 cm. and for females 
8.0 cm. These measurements are far in excess of those of many in- 
dividuals with outspoken cardiovascular s;^^ 5 hilis. The extreme limits 
of 13 cm. in patients with syphilitic heart disease are, of course, ac- 
counted for by saccular aneurysms. 

In order to give a somewhat clearer comparison of a nonsyphilitic 
with a syphilitic population, a scatter chart has been prejiared (Fig. 
2), showing the distribution of all nonsyiiliilitic patieiits with and 
without cardiovascular abnormalities by age groups compared with 
aortic arch Avidth, and a regression or trend line is indicated. The 



Pig. 2. — Six hundred non.syphilitic patients. 

“S” area is the standard error of estimate, showing liotv nearly the 
estimated values agree Avith the A'alues actually observed. In this 
figure the area included betAveen the tAvo broken lines contains ap- 
proximately 71 per cent" of all observed values. In this group the 
standard error of estimate is quite high, and the trend line permits an 
estimate of the aortic AAudth of a patient of a given age group only 
Avithiu ten years. For example, the regression line sIioavs that patients 
50 years of age have an aA’^erage aortic arch Avidth of 7.5 cm., but the 
same A'aluc can be expected in jiatients aged 40 to 60 years. 

Figure 3t shoAvs regression lines based on the coefficient of correla- 
tion betAveen age and aoi’tic arch AAodtli in throe groups of patients: 

*100 X Sy 
Oy 

tThanks arc due Dr. Paul D. Rosahn for his aid in the statistical intei-pretation of 
these data. 
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(1) 600 iionsypliilitics; (2) 915 syphilitic patients, excluding those 
■with aortic insufficiency and saccular aneurysm, but including those 
with uncomplicated aortitis,- (3) 85 sj’-philitic patients Avith advanced 
cardiovascular syphilis, aortic insufficiency and aneurysm. The co- 
efficients of correlation betAveen age and aortic Avidth for these three 
groups Avere as f oUoavs : 

(1) r = -fO.6281 ± 0.0247; r== = 0.39 

(2) r = +0.5897 ± 0.0216; r" = 0.35 

(3) r == +0.3205 ± 0.0997; r^ = 0.10 

In each case the correlation coefficient is more than tAvo and a half 

times its standard error, and they are all, therefore, statistically sig- 
nificant. The appended value of r^, A\ffiich is termed the coefficient of 
determination, shoAvs Avhat percentage of the variation in the depend- 



4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 

Aortic arch ividth in cm. 

Pig. 3. — Comparison of aortic arch widths In centimeter.s in syphilitic and non- 
syphilitic individuals according: to age of patient. 

Nonsyphilitic patients (600 cases) ; syphilitic patients (excluding aortic 

insufllcleno- and saccular aneurj'sm, but including uncomplicated aortitis) (915 

cases) : patients with cardiovascular syphilis (excepting uncomplicated aortitis) 

(85 cases). 

ent variable is explained by the independent Amriahle. In the non- 
sjTihilitic group only 39 per cent of the increasing aortic arch Avidth 
Avas due to inci'easing age, the rest haAung been caused by other factors 
such as arteriosclero.sis, hjT)erten.sion, etc. Similarly, in the .syphilitic 
patients AAUthout syphilitic heart disease, except uncomplicated aortitis, 
only 35 per cent of the increasing aortic arch Avidth Avith increasing 
age can be explained by the increa.sing age of the patient. In the 85 
eases of aortic regurgitation and aneurysm, hoAvcA-ex’, only 10 per cent 
of the AA-idening of the arch shadoAv is due to the increasing age of the 
patient, the remaining 90 per cent being presumably due to syphilis 
plus the other factors operath'e in nonsyphilitic persons. 
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In Table V is sliowii in somewhat simplified form the incidence of 
aortic dilatation in nonsjiihilitie patients as affected hy the existence 
of Yarious forms of nonsyphilitic cardiovascular abnormalities. The 
aortic widths are here classified in three categories, corresponding 
with the classification used bj’- Maynard, i.e., normal, aortic arch 
widths up to 6.7 cm. in males, and to 6.2 cm. in females ; borderline 
dilatation, from 6.7 cm. to 7.0 cm. in males, and from 6.2 cm. to 6.5 cm. 
in females; and definite aortic dilatation, 7.1 cm. or more in males, and 
6.6 cm. or more in females. According to this classification, border- 
line or definite aortic dilatation occurs in 7.4 per cent of normal in- 
dividuals. Eheumatie heart disease and hypertension alone account 
for an unexpectedly small increase in aortic width in this series of 
cases. Arteriosclerosis, with and vfithout hypertension, is ob^dously 
the factor which iiroduces aortic dilatation in nonsyphilitie patients in 
the majority of instances. 


Table Y 

Comparison op Aortic Arch AVidths (Maynard -s Classification) in GOO 3Von- 
SYPHiLXTic Individuals According to Presence or Absence and Type 
OF Nonsyphilitic Heart Disease 


AORTIC WIDTH 

PER CENT OP PATIENTS WITH* 

NO HEART 
DISEASE 1 

RHEUMATIC 
HEART DIS- 
EASE 

HYPERTEN- 

SION 

ARTERIO- 

SCLEROSIS 

ARTERIO- 
SCLEROSIS 
AND HY- 
PERTENSION 

Nonnalt 

92.4 

78.6 

75.0 

18.6 

36.6 

Borderline t 

5.4 

7.1 ! 

6.2 

16.2 

12.6 

Dilated? 

2.0 1 

14.2 1 

18.7 

65.1 

50.7 


'Omitting- 3 patients -with tliyroid heart disease. 

tAIales, aortic -svidtli up to G.7 cm. ; females, aortic -^^-idth up to G.2 cm. 
JMales, aortic -u’idth from C.S to 7.0 cm. ; females, aortic -width G.3 to G.5 cm. 
§Males, aortic widtii 7.1 cm. or over; female.s, aortic width G.G cm. or over. 


Table A’I 

Comparison op Aortic Arch AVidths (Maynard’s Classification) in 1,000 
Syphilitic Individuals AVitii and AA'ithout Heart Disease 




SYPHI- 

AORTIC IN- 

1 NONSYPHILITIC HE.ART DISEASE ONLY* 


j 

LITIC 

SUFFICIENCY 1 




ARTERIO- 


NO 

AORTITIS, 

AND 


ESSEN- i 


SCLE- 

AORTIC 

HEART 

COMPLI- 

ANEURYSM, 

RHEU- 

TIAL i 

ARTERIO- 

ROSIS 

WIDTH 

DIS- 

CATED 

COMPLICATED 

MATIC 

HYPER- i 

SCLE- 

AND- 


EASE 

AND 

AND UN- 


TENSION 

ROSIS 

HYPER- 



UNCOMP. 

COMPLICATED 




TENSION 


PER 

PER CEN7 

PER CENT 

PER CENT 

PER CENT 

PER CENT 

PER CENT 


CENT 

i 


1 




Normalf 

92.1 

1 22.5 

3.7 


! 89.2 

51.4 

49.2 

Borderline! 

2.9 

[ 17.8 

3.7 


5.4 

21.6 

18.0 

Dilated? 

5.0 

59.7 

92.6 


I 5.4 

27.0 

32.8 


‘Omitting one patient with thyroid heart disease. 

IMales, aortic width up to 6.7 cm. ; females, aortic widtli up to 6.2 cm. 
tJJales, aortic width from 6.S to 7.0 cm. ; females, aortic width G.3 to 6.5 cm. 
§AIalcs, aortic widtli 7.1 cm. or over; females, aortic width G.G cm. or over. 
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A similar classification of the syphilitic patients is proAncIed in Talile 
VI. As shown by this table, borderline and definite aortic dilatation 
occurred with the same frequency (7.9 per cent) in the 593 syphilitic 
individuals without demonstrable heart disease of any type as in the 
422 nonsyphilitics without heart disease (7.2 per cent). The inclusion 
among the group of syphilitics Avithout heart disease of patients Avith 
aortic dilatation but no other evidence of early aortitis, adds to the 
significance of this observation. It is of interest to note also that 
22.5 per cent of the patients Avith aortitis had no teleroentgenographic 
CAndenee of aortic Avidcning and that unquestionable aortic dilatation 
A\ms present in only 59.7 jier cent of the group. 

.SUMAIARY AND CONCLUSIONS 

In an attempt to evaluate aortic mensuration by teleroentgenog- 
raphy in the diagnosis of uncomplicated early syphilitic aortitis, avc 
haAm compared 1,000 unselected syphilitics Avith 600 unselected non- 
syphilitic individuals of the same occupational, sex, and age groups. 
The Vaquez-Bordet measurement of the supraeardiae shadoAv Avas used 
in comparing the Avidth of the aoiiiie arch. In every instance the pres- 
ence or absence of syphilis Avas established Avithout question, and all 
patients Avere subjected to identical cai’diovascular studies. A com- 
pilation of these data shoAved that: 

1. The incidence of cardioAmseular syphilis among the group of 1,000 
syphilitic patients Avas essentially the same as that noted by others 
A\dio had also studied large groups of patients. 

2. The increased Avidening of the supraeardiae shadoAV resulting 
from essential hjqiertension and arteriosclerosis Avuth or AAdthout hyper- 
ten.sion Avas the same in nonsyphilitic as in syphibtic indhdduals with- 
out sjqihilitic heart disease. 

3. The increase in the Avidth of the aortic arch shadoAv as a result 
of advancing age Avas the same in both .syphilitic and nonsyphilitic in- 
diA'iduals AA'ithout heart disease. 

4. Only 59 per cent of the patients A\dth clinically recognizable syph- 
ilitic aortitis shoAA'cd teleroentgenographic eAddenee of aoidic dilata- 
tion. 

5. There is no evidence, that the diagnosis of uncomplicated syph- 
ilitic aortitis can be made by teleroentgenography alone. Fluoroscopy 
and careful clinical evaluation of symptoms and physical .signs are 
essential. 
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THE ELECTEOCAEDIOGRAjil IN HYPEETENSION WITH 
ESPECIAL EEFEEENCE TO LEAD W 


C. L. C. VAN- NIEm^^!:NHUIZE^r, M.D., and H. A. Ph. Hartog, M,D. 
Utrecht, Netherlands 

INTRODUCTION 

T he conception of the significance of the electrocardiogram in eases 
of hypertension has been influenced by the efforts to make a special 
use of electrocardiography in studying the condition of the heart muscle 
and the coronary arteries. Although of tlieoretical interest, its knowl- 
edge at first seemed to be of little or no clinical importance; however 
otliers, as well as we, have lately gatliered adequate evidence to 
the contrarjL Experiments as well as clinical observations proved 
means to increase the knowledge concerning the myocardium in the 
different foxans of hypertension. Nevertheless, important problems 
remained unsolved. Using thoracic leads as a routine method t com- 
bined with the standard leads, it appears to us that wn have gained fresh 
insight into the origin and also into the cause of absence of a number 
of characteristic changes in the electrocardiogram. 

In a total of 2,000 curves, we found 228 cases of hypertension with 
wflich w'e tried to answ'er the following questions : 

1, To w'hat degree do hjTxertension and left axis deviation coincide? 
What is the cause of absence of left axis deviation in cases of distinct 
hj-pertension? 

2. What is the significance of the negative T-wnve in Lead I and of 
the positive T-wave in Lead III in cases of left axis deviation ? 

3. Are the convexity of the S-T line in Lead I and the concavity of 
the S-T line in Lead III in electroeai*diograms with left axis deviation 
of any clinical interest? 

4. What are the electi’oeardiographic differences between the curves 
found in eases of jironounced left axis deviation and those brought about 
by coronary thrombo.sis or those occurring in bundle or bundle-branch 
block ? 

5. Is it justifiable to attach clinical importance to the occurrence of 
an S-wave in Lead IV followed 1x3' an exti’eme conve.xity of the S-T 
line? 

I. HYPERTENSION AND LEFT AXIS DE\’IATION 

A. Data. — H 3 -perten.sion and so-called left axis deviation (E^ being 
higher than 12 mm. and S, lownr than -5 mm.) do not alw'a 5 *s coincide; 
neither is the height of the blood pressure directly proportional to the 

,,, tlie medical Clinic of the State-University at Utrecht, Prof. Ur. A. A, 

Hijmans van den Bergii, director. 

IFor technic.-il details see Ncdcrl. Tijdsclir. Gcnceslc. fiO: 223, 1,030, 
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degree of left axis deviation. Although in cases of a pronounced in- 
crease of the systolic blood pressure Ej is usually found liigher and S3 
lower than normal, exceptions are not rare. Converselj^, left axis devia- 
tion is found sometimes in cases of normal systolic blood pressure; for 
instance, in aortic valve defects and mitral insufficienc}^, and in one case, 
in spite of hypertension, we found right axis deviation in mitral stenosis 
(Si low in regard to Ei and Ei low and E3 too high in regard to Ez and 
El). Among 100 patients with a systolic blood pressure over 150 mm. 
Ziskin’^ found only 44 eases of left axis deviation, Nuziim and Elliot- 
found 60 -per cent; and other investigators^ also have drawn attention 
to the frequent absence of left axis deviation in cases of hypertension. 
According to Zisldn^ moreover, left axis deviation occurs less often when 
the blood pressure is over 200 mm. mercury than when the tension is 
from 150 to 200 mm. These figures apply to standard leads only. When 
the changes in the thoracic leads are taken into consideration, altogether 
different figures are obtained. In the thoracic lead as we record it (riglit 
arm electrode in fourth left intercostal space near the sternum — ^left leg 
electrode) the E-wave never exceeds +17 mm. (1 mm. volt corresponding 
to 1 cm. string deviation), and Q is never under -2 mm. In the thoracic 
lead left axis deviation manifests itself by an increase in height of the 
E-wave, and a decrease in depth, and sometimes disappearance, of the 
Q-wave, The relation E:Q, normally averaging about 2 and showing 
extremes of 8 and about 1, now amounts to 10 and more. Oases of 
coronary thrombosis with anterior infarction in which the so-caUed 
Co-type occurs'* and curves resulting from bundle-branch or arborization 
block should be excluded. 


In 228 cases of hypertension we found: 

Left axis deviation in standard leads onl}’- 
Left axis deviation in standard and 
thoracic leads 

Left axis deviation in tlioraeic leads only 
Left axis deviation completely absent 


20 per cent 

44 per cent 
19 per cent 
17 per cent 


In other words, 64 per cent showed left axis deviation in standard leads, 
a result which very nearly approaches that of Nuzum and Elliot; the 
thoracic lead being used in addition, a left axis deviation was found in 
83 per cent of the eases. Ziskin is of the opinion that the frequency of 
left axis deviation decreases with tensions over 200 mm. We found a 
frequency as given in Table I. The frequency of the left axis devia- 

Table I 



IN 

' IN 

IN IV 


SYST. be. press., left AXIS DEV. 

I-W* 

i-in 

ONLY 

absent 

150-200 ram. (94 cases) 

3S% 

20% 

20% 

22% 

200-250 mm. (75 cases) 

47% 

12% 

21% 

20% 


•Lead TV, thoracic lead (fourth left intercostal space — left leg electrode). 
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tion, manifesting itself in standard leads only, decreases slightly Avitli an 
increase in tension; on the other hand, the left axis deviation occurring 
in aU leads increases, thereby causing a slight increase in the total left 
axis deviation in cases with a tension of over 200 mm. mercury. 

We have studied this same relation for the diastolic blood pressure 
and have arranged the results in Table II. The increase in left axis 


TABt*E II 


BIAST. BE. 

PRESS., LEFT AXIS BEV. 

IX 

I-lV 

IX 

MU 

IX IV 

OXLY 

ABSIBn'T 

0-100 

mm. ( 90 cases) 

40% 

31% 

10% 

13% 

100-3.50 

mm. (110 eases) 

41% 

13% 

24% 

22% 


deviation recorded in Lead IV is smaller than its decrease in the stand- 
ard leads, thus resulting in a decrease of neai'ly 10 per cent of tlie total 
left axis deviation when the diastolic blood pressure exceeds 100 mm. 
mercury. 

Our figures for the pulse pre.ssure are as given in Table III, This 
shows that the left axis deviation is influenced little or not at all by the 
pulse pressure. 

Table III 


PULSE PRESSURE, LEFT AXIS DEV. 

IX 

l-IV 

IX 

i-in 

IX IV 

O.XLV 

ABSF.XT 

25- 75 mm. ( 98 cases; 

43% 

23% 

18% 

10% 

75-125 mm. (121 case.s) 

41% 

21% 

19% 

10% 


In summary, we have found that left axis deviation does not occur 
much more often when the systolic blood pressure is 200-250 mm. than 
when it is 150-200 mm. but that its frequency ceifainly does not decrease 
either. In ease the diastolic blood pressure increases, the left axis devia- 
tion decreases, in standard leads, but at the same time it increases in the 
thoracic leads, resulting in a slight decrease of the total left axis devia- 
tion when the diastolic blood pressure exceeds 100 mm. Hg. The amount 
of pulse pressure has little or no influence on the frequency or the degree 
of left axis deviation, no di.stinct connection being found between tlie 
amount of blood pressure and left axis deviation. We considered the 
possibility of a relation.ship between left axis deviation and dilatation 
of the heart. As in most cases an x-ray picture had been taken (at a 
distance of 2 m.); we were able to determine the heaif measurements. 
We used the measure D1 + Dr according to Dietlen and llloritE,'’ because 
the results of more accurate methods, while more exact (Danzer’s cardio- 
thoracic ratio,® the prediction figures of Hodges and Eyster") and other 
methods® are not more reliable. 

The best re.sults seem to be obtained by examining the heart in vivo 
before the screen and the x-ray picture before the light box. We de- 
torinined the distance from a vei'tical line thi’ough the center of tlie 
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sterniirri to the left vertical tangent of the heart (Dl) and found the 
incidence as given in Table IV. The above figures show that, generally 
speaking, the left axis deviation increases distinctly witii the dilatation 
of the left ventricle; only in Lead IV did the occurrence of left axis 
deviation decrease distinctly. So far as our figures allow any con- 
clusion, it seems remarkable that the frequency of left axis deviation 
decreases slightly at a dilatation of Dl = 10.5 - 12.5 cm. (espeeiallj' in 
tiie arteriosclerotic hypertension group). In determining the total width 
of the heart, the relation is found as given m Table V. Here, too, we 


Table IV 


left axis deviation 

IN 

I-IV 

IN 

i-m 

IN W 

ONLV 

ABSENT 

Dl up to 9.5 cm. (62 cases) 

31% 

14% 

23% 

32% 

Dl 9.5-10.5 cm. (54 eases) 

60% 

13% 

15% 

12% 

Dl 10.5-12.5 cm. (65 cases) 

43% 

23% 

12% 

22% 

Dl 12.5-15.5 cm. (26 cases) 

69% 

20% 

7% 

4% 


find that an increase in heart size shows a marked increase in left axis 
deviation and a decrease of the occurrence of left axis deviation in Lead 
IV only. Furthermore, left axis deviation appeared to occur more fre- 
quently in old age than in middle age. 11711611161’ this is a physiological 
phenomenon, as Schlomka® supposes, we do not Imow. In our eases, 
however, we found that the groups of older patients as a I’ule had 
markedlj’' dilated hearts when the electrocardiogram showed left axis 


Table V 




IN 

IN 

IN IV 


LEFT AXIS DEVIATION 

i-rv 

i-iii 

ONLV 

ABSENT 

Dl -f-Dr 

up to 12 cm. (14 cases) 

43% 

14% 

14% 

29% 


12-14 cm. (66 cases) 

38% 

20% 

23% 

19% 


14-16 cm. (58 cases) 

48% 

27% 

13% 

12% 


16 cm. and up (37 cases) 

65% 

22% 

3% 

10% 



Table 

VI 




UP TO 

12-14 

14-16 

16 CM. 

AGE 

+ 12 CM. 

CM. 

CM. 

AND UP 

0-50 

(78 cases) 15% 


33% 

32% 

52% 

50-60 

(65 cases) 9% 


30% 

43% 

62% 

60-70 

(47 cases) 2% 


40% 

29% 

58% 


deviation. Therefore, in our opinion the increased frequency of left axis 
deviation in old age is caused, at least in part, by an increase in dilata- 
tion of the heart. 

Regarding the cause of hypertension, it can be said that especially 
defects of the aortic valves are accompanied by left axis deviation; in 
those cases a marked dilatation of the left ventricle exists. The same 
applies to hypertension in mitral insufficiency. Also in chronic nephritis 
left axis deviation is usually found, but here too, in our cases, the heart 
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usually showed a pronounced increase in width. In arteriosclerotic 
hypertension left axis deviation occurs less frequently than, for 
example, in aortic insufficiency, but then the heart dilatation usually 
was not very marked. 

To summarize, we found: 

1. Eightj^'-three per cent of the cases of hypertension show left axis 
deviation when Lead IV is used also. 

2. The left axis deviation shows itself more clearly in cases of higher 
systolic and diastolic tension but does not increase in frequencjL 

3. When the systolic blood pressure exceeds 200 mm. and the diastolic 
blood pressure 100 mm.Hg, left axis deviation (in standard leads only) 
decreases in frequency (in accordance with the figures of Zi.skin); while 
in thoracic leads it increases in frequency. In the first ease tlie total 
percentage of left axis deviation increases slightly, in the second it 
decreases distinctly. 

4. There is a general relationship between left axis deviation and 
dilatation of the heart as D1 -f- Dr exceeds 14 cm., the left axis deviation 
increases distinctly in frequency. However, there are certain exceptions 
to this rule (see "Interpretation”). A higher degree of dilatation shows 
a decrease in the exclusive oecui’rence of left axis deviation in the 
thoracic leads, while in thoracic and standard leads evidence of the 
left axis deviation increases. 

5. Hypertension in old age usualty shows a more pronounced left axis 
deviation; in our cases, however, the heart was also more dilated. 

6. Defects of the aortic valve and clu’onic neplnitis especially are 
associated with left axis deviation, more so than arteriosclerotic hyper- 
tension. However, in our eases the first mentioned diseases coincided 
with higher degi’ees of heart dilatation than did the arteriosclerotic. 

In o\ir opinion the principal causes of the occurrence of left axis devia- 
tion in the electrocardiogram in hypertension are a clockivise rotation of 
the heart in its longitudinal axis and a dilatation of the left ventricle. 

B. Interpretation . — Einthoven himself noticed the left axis deviation 
in hypertension^®; Lewis, among others, later cojifirmed this observa- 
tion. However, both investigators saw cases of distinct hypertension in 
which left axis deviation was absent and realized tliat not onty the proli- 
lem of the origin, but also of the cause of the absence of left axis devia- 
tion, had to be solved. Lewis based his explanation on tv’^o assumptions: 
the first, that the normal electrocardiogram is a bicardiogram, com- 
posed of dextro- and levogram ; the second, that the degree of deviation 
of the electrocardiogram is proportional to the quantity of muscle in ac- 
tion. Hypertrophy and dilatation of the left half of the heart will cause 
this to dominate and re.sult in a left axis deviation (Lends’ "left pre- 
ponderance”). When the right half of the heart shows hypertrophy 
(and dilatation) a "right preponderance” as a rule will be the result. 
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"When, however, not only the left hut also the right ventricle hyper- 
trophies, the resulting relation of the muscles may be such that, for 
instance, in ease of hypertension, not only an absence of preponderance 
but even a “right preponderance” may be the result. As yet neither 
of these assumptions of Lewis has been proved. We are still in doubt 
as to whether or not the electrocardiogram reallj' is a bigram; the second 
assumption obviously cannot possibly be right : the electrocardiogram of 
cliildren usually shows a mucli larger voltage than that of adults and in 
large animals it is often smaller than in human beings. 

Herrmaim and Wilsoid* and Burger^^ could therefore not share this 
opinion. Determining the exact weight of left and right ventricles Herr- 
mann and Wilson found left axis deviation only at differences in weight 
of over 250 gm. Biu'ger proved that normal, sometimes considerable, 
variations in the height of R- and S-waves are not proportional to differ- 
ences ill weight between the ventricles or of tlie ventricles separately. 
Another theory sees the cause of preponderance curves in a shifting 
of the anatomical or of the electrical heart axis (the sum total of all 
action currents g-enerated in tlie systole). A dilatation usually implies a 
change in the position of the heart. Conversely, the form of the electro- 
cardiogram is influenced by a shifting of the heart's position in respect 
to the electrodes, as Einthoven, Fahr and de WaarC^ and, more ex- 
tensively, Colm^^ were able to prove. Finally, by changing tlie position 
of the electrodes in regard to the heart (for instance, by applying the 
right arm electrode to the left arm, the left arm electrode to the left leg, 
etc.) a left axis deviation or a right axis deviation can be produced at 
will. One may rightly object that a sliifting of the position of the heart 
to. a degree as required in the experiments of Cohn, is never seen in 
hypertension. Moreover, this is accompanied by a change of position 
of P and T in the same direction as R, while in hypertension curves the 
T-wave is often found opposite to the main deviation of the ventricular 
complex. 

Even if one believes an altered position of the heart by a rotation in 
its sagittal axis to influence the form of the electrocardiogram, this in- 
fluence cannot possibly be very great. Boden and Neukircld® and later 
Burger^" arc of the opinion that hypertrophy curves are caused by a 
rotation of the heart in its longitudinal axis. Normally the right 
ventricle lies more in the frontal plane (the plane of the standard leads) , 
the left ventricle more in the sagittal plane. According to Burger, this 
is why in normal eases the right ventricle has a larger electric effect than 
the left. Hypertrophy of the left ventricle causes the heart to rotate 
clockwise on its longitudinal axis, bringing the left ventricle more in 
the frontal iilane. However, the degi-ee of shifting is not necessaril.v 
proportional to the change in relation between the mass of muscle of the 
right and left ventricles. 



314 


THE AMERICAN HEART JOURNAL 


Nuzum and Elliot^® attribute the preponderance curves to coronary 
changes. They have come to this conclusion finding the left axis devia- 
tion far from constant in hypertension and often absent wlien the iieart 
is markedly dilated; moreover they found left axis deviation to occur 
more frequently in angina pectoris witliout Jiypertension than in iiypor- 
tension without angina pectoris. They suppose the left axis deviation 
to be brought about by intraventricular conduction disturbances caused 
by an insufficient blood supply of tiic conduction system and the myo- 
cardium resulting from coronary changes. 

This conclusion is highly disputable. In the first place, tiie ventricu- 
lar complex in hypertension hardly ever shows an increase in -width, as 
it does as a rule in cases of intraventricular conduction disturbances. 
Besides, it does not seem justifiable to attribute left axis deviation of the 
electrocardiogram, as may be found in young people (e. q., witii chronic 
nephritis), always to coronary changes. And finallj’- the figures these 
authors give do not cover our data.^ Ziskin,^ who found left axis devia- 
tion in only 44 per cent of his cases, was of the opinion that as yet it 
seemed impossilfie to discover its cause or to estimate its significance. 

The investigators, mentioned above, always took as a starting point 
the percentage of left axis deviation existing in hjqiertension and found 


Plate A 

I. Left Axis Deviation in All Leads 

Fig. 1. — Man, aged forty-nine years, mitral insunicicncy. Dyspnea on exertion, 
palpitation. Heart diameter 13.7 cm. Electrocardiogram; low P-waves in all leads. 
Sj, relatively low, corresponding small Q< (-1 mm.), and high Kj (20 mm). S-T runs 
In the Isoelectric level (noi-mally aniso-electric). Ti, shallow, slightly diphasic. Con- 
clusion ; left axis deviation in all leads, T 4 indicates a not too favorable condition of 
the myocardium. 

Fig. 2. — W^oman, aged sixty-seven year.s, hypertension (220/115). Cardiac failure 
(dyspnea, edema, nocturia, palpitation). Heart diameter, 13.0 cm. Electrocai'dlo- 
gram : in Load I low, diphasic T-waves, Ri, 14 mm. In Lead II : deep S-wave.s. 
A-V conduction time 0.20 sec. Lead III: deep .S-waves (-23 mm.), T positive. Lead 
IV : relatively small Q-^Wave, S-T isoelectric. Conclusion ; left axis deviation in all 
leads. Ti corresponding with cardiac failure. 

II. Left Axis Deviation in Lead IV Only 

Fig. 3. — Woman, aged forty-one years, palpitation, pain in chest and back on 
exertion, dyspnea. Tension, 120/85. Diameter of the heart, 13.5 cm. Electrocardio- 
gram : Lead 1 no deviations. In Lead II S-T interval is somewhat anlsoelectrlc. 
No .S-wave. Lead III: Pardee-Q, ncg.ativc T. Lead IV; diphasic P, .shallow Q and 
high R summit (23 mm.). Conclusion: coronary sclero.sls, beginning loft dilatation; 
Pardee-Q masks left axis devlsition in Lead III. 

Pig. 4. — Man, tension 200/120. In Lead I a notch at the bottom of RS. pro- 
longated S-T segment (0.3G sec.), high T-wave. I>oad II: low T-wavo. Lead HI: 
IV-shaped complexes, flat T-waves, Lead IV: .small Q, high R, broad, blunt T-wave, 
Conclusion: IV-shaped complexes, probably caused by coronar.v sclero.sls, arc masking 
left axis deviation In the standard leads; however, it is manifest in the chest lead. 

Fig. 6 . — W'-oman, aged forty-.scven years, hypertension (200/00). Vague anglnsU 
complaints, palpitation, slight dyspnea on exertion, headaches. Heait of normal wldUi 
(11.4 cm.). Urine normal. Electrocardiogram: in Lead I, no deviation. Lc.ad II: 
high T-wave. Load III: S perhaps a little too deep. Lead IV: pronounced left axis 
deviation (small Q-wave, high R-wave), T shallow. Conclusion: the elevated blood 
pressure has not as yet caused a marked dilatation of the heart. However, Lead IV 
shows already a left axis deviation ; very prob.ably the dilatation is already mani- 
fest In an anteroposterior plane. 

Pig. 6 . — IVoman, aged forty-eight yc.ars, angina pectoris, hypertension (255/110). 
Heart slightly cnl.arged (14.5 cm.). Electrocardiogram; in Lend I no deviation. 
1-ead II: low T-waves. Lead III: .S-T takes off a little too high, is of conve.x shape, 
and proceeds Into a nog.ative T-wave. IjCft axis deviation is manlfo.sting Itself in 
Le.ad IV : shallow Q, high R-wave. The shallow Tt, negative Ts, xind low T; point 
to a less favorable condition of tlic myocardium. 


•■VVe will revert to this subject in a following paper. 
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Plate A. (See legends on opposite page.) 
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this to be either iiigher or lower. However, it is possible to approacl) 
the subject from another angle, the problem being ; \Yhy and when is 
left axis deviation absent in hypertension? In our opinion it is possible 
to undersfhiid in most eases tlic absence of left axis deviation in ex- 
tremity leads by comparing the curves of the standard leads with those 
of the thoraeip„lead, which is taken in an altogether different plane 
(sagittally) ; conversely, the same holds for cases in which left axis 
deviation is absent in the thoracic lead, while it is present in the leads 
from the extre^ties; finally it is possible with the data from these 
groups to investigate the absence of left axis deviation in all leads in 
cases of hjToertension. 

Left Axis,:'Deviatioii Onhj in Thoracic Leads (36 Cases, Figs. 3-10) 

In case lelt axis deviation occurs onlj’^ in thoracic leads (shallow Q or 
absence of •IQ, high E), the ventricular complexes in the standard leads 
appear tojb.e : 

1. Deformed by deep, sharp notches (Case 9, Pig. 9). This then is a 
plausible reason for the nonmanifestation of left axis deviation in cases 
of distinct hypertension. 

2. Normal. In these .eases the heart did not appear dilated in the 
roentgenogram, Howeverpan incipient dilatation often takes place in 


• Plate B 

II. Left Axin Deviation in Lead IV Only 

Fig. 7, — AVoman, aged fifty-two yoans, hypertension (lCO/115), dyspnea on cxct- 
Uon, .swollen anltle.s in the evening, palpitation. X-ray examination of the heart: 
curved arch of left ventricle; however, no enlsirgemcnt (12.5 cm.). Electrocardiogram: 
prolongated S-T .segment (0.40 sec.). Lead III: small, notched complexes, T posi- 
tive. Lead IV: left axis deviation (small Q. high R-wave). S-T i.soelectrlc. T 
shallow in relation to R. Conclu.sion; the hypertension causes left axis deviation 
in Lead TV only, early dilatation of the heart. Prolongated S-T segment and shallow 
Tj show that the myocardium is not in optimal condition. 

Pig. 8. — ^Man, aged forty year.?, verrucous endocarditis of the aortic valve.s. Aor- 
tic regurgitation. Tenfdon 150-0. Diameter of the heart. 15.C cm. Electrocardiogram : 
low' T-wave in Lead I. Lead II: anisoelectric S-T notch at the foot of RS. JjCa'l 
III; notched complexes. Lead IV; left axis deviation (small Q, high R-w'ave). The 
negative P-W'ave is clearly visible in the positive T-wave, A-V conduction timc_0,2C 
sec. Conclusion; multiple signs of myocardial damage. Left axis deviation in Lead 
IV only. 

Fig. 9. — Woman, aged forty- four year.s, thyrotoxicosl.s. Tension 1 CO/95. Heart. 
12.9 cm. Electrocardiogram ; in Leads I and II. split P-waves ; in I>ead HI notched 
complexes; in Lead IV left axis deviation (shallow Q, high R-wave). Further on, 
auricular extrasystoles. 

Pig. 10. — AVoman, aged twenty-one years, hypertension (150/110). V.agova.sal 
attacks. Bronchial asthma. Heart not enl.arged (J3 cm.). Electrocardiogram; in 
standard leads rather right than left axis deviation. In Load according to hyper- 
tension, left axis deviation. .S-T segment at first horizontal. Conclusion: left axl.s 
deviation, no evidence of myoc.ardial damage. 

III. Left Axis Deviation in Standard Leads Only 

Pig. 11. — Man. aged flftv-three years, seizures of unconsciousne.«.s, complains of 
palpitation, tingling in arms and legs. Marked peripheral arterio.«clcrosi!--. Blood 
pressure 145/SO. Heart enlarged to the left (diameter. 15.3 cm.), broad aorta. Electro- 
cardiogram; in standard leads left axis deviation. Tj negative. In Lead IV typical 
.“hapo of coronary sclerosis, deep Q-wave (-20 mm.), low R-summit (5 mm.), deeji 
and somewhat broad T-W'avc (-11 mm.). Coronary sclerosis mask.s, according to our 
conception, left axis deviation in Ivcad IV. 

Fig. 12. — Man, aged sixty-eight years, diabetc.s. selero.sis of .aorta, and peripheral 
sclerosis. W'assermann reaction negative. Ten.sion 145/70. Heart enlarged to the 
left. Electrocardiogram ; auricular extrasystoles (bigeminy). No left axis deviation 
in Lead IV; deep Q-wave (-19 mm,), low li-w.ave (12 mm.), deep negative T-wave, 
in which the P-wavc of the next auricular extra.sj-.stole is Just visible. 
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the sagittal plane, in other words, in the plane of the thoracic lead; only 
in more pronounced stages of dilatation it is accompanied by a rotation, 
wliich places the left ventricle more and more in the frontal plane; for 
this reason the left axis deviation in the beginning manifests itself only 
in the thoracic lead. In radioscoping these eases, attention should be 
paid to a posterior enlargement of the left ventricle by observing the 
patient in the second oblique position (Case 5, Fig. 5). 

3. Changed as a result of abnormal conditions of the coronary arteries. 
These occurred vexy often in this group. Eleven times we found a so- 
eaUed Pardee-Q in Lead III and eight times an M- or a IF-shaped ven- 
tricular complex. The extensive investigations of Pardee, Edeiken, and 
Wolferth^® and Wallace^'’ have proved beyond doubt that a deep Q in 
Lead III, complying with Pardee criteria, is characteristic of coro- 
nary sclerosis (and when it is seen to establish itself in successive electro- 
cardiograms, for eoronaiy thrombosis^^). We as well as others are of 
the opinion that the M- and 17-shaped ventricular complexes are often 
due to coronary sclerosis. Although this type of change in Lead II is 
practically sui’c to have a definite significance (Edeiken and 'Wolferth®®), 
its occurrence in Lead III, especially in advanced age, points to the diag- 
nosis of coronary sclero.sis. In addition to the pathological data on 
which the above mentioned research is based, we have further support 
in the anamnesis of these patients in whom angina pectoris is often 
found. In this group of thirt 3 '-six patients we found eight with angina 
pectoris. 

Peripheral artei’iosclerosis could be demonstrated in fourteen out of 
the nineteen cases in which a Pardee-Q or M- or 17-shaped venti’icular 
complex was found. Furthermore, a saddle-shaped S-T curve occurred 
fifteen times in Lead I or II separate^’', an abnormality Avhich in its pure 
form^ is almost exclusively found in cases of coronary sclerosis. 

Summarizing . — Left axis deviation is absent in the standard leads and 
present in the thoi’acic leads (1) becau.se notches re.sulting from injury 
of the m^mcardium conceal the left axis deviation in standard leads 
(Case 2, Pig. 2), or (2) because of the dilatation of the left venti’icle still 
taking place in the sagittal plane onlj-- (Case 3, Pig. 3), or (3) because 
coronary sclerosis alters the venti-icular complexes in Leads I, TI and III, 
thus covering up the left axis deviation (Cases 4 and 5, Figs. 4 and 5). 

Left Axis Deviation in Standard Leads Only (Figs. 11-15) 

In 25 cases we found a marked left axis deviation in the Leads I-III, 
while in Lead IV the Q-wave was not shallow or absent, but distinctly 
too deep (from -7 to -18 mm.). Of the patients showing these cardio- 
grams, 25 wei-e over fiftj^ and 12 over sixty j^ears old; 8 suffered from 
angina pectoris, and in 14 other cases arteriosclei-osis could be diagnosed 
(pulse, aoi’ta, retina). Thus 17 out of 25 patients had arteriosclerosis. 


•We IntenJ to revert to tlii.s subject In another paper (on coronary sclero.sfs). 
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Eleven of these showed a saddle-shaped S-T curve in Lead I or II; 
seven, a remarkable, steep S-T curve begiiming' below the isoelectric 
level; two patients suffering from, an after-effect of acute nephritis were 
fifteen and seventeen years old respectively; in these cases a deep Q4 can 
be attributed to a vertical position of the heart, which existed in both 
patients (in a preceding paper we have shown that a shallow or positive 
T and a low Q are normal in children and asthenic subjects-'^). When 
x-ray pictures were taken, they showed a distinct dilatation of the heart 
in all but two cases. The heart was normal in size in one patient with 
angina pectoris (blood pressure 135/70) and in one of the patients who 
had had acute nephritis (blood pressure 165/60), Finally in a patient 
with bronchiectasis the heart was markedly displaced toward tlie riglit 
(the man was thirtj'-one years old, blood pressure 115/70). 

Tims the absence of left axis deviation in tlie tlioraeic lead, although 
plainly evident in the standard leads, may be accounted for by : 

1. The age of the patient, because in youth a low Q4 can be normal 
(Case 13, Fig. 13). 

2. A distortion or displacement of the lieart toward the right. 

3. Arteriosclerotic changes in the coronary vessels and their results 
(Cases 11 and 12, Figs. 11 and 12). 

4. A mitral insufficiency coinciding with the hypertension (Case 10, 
Fig. 10) and a deep Q4 regularly occurring in mitral stenosis and in- 
sufficiency. 

Hypertension Withoni Left Axis Deviation in Standard and Thoracic 

Leads (Figs. U-17) 

This we saw in thirty -two of the cases studied. The abnormal condi- 
tions, as described for the above groups, can also be found in this group. 
An M- or a IF-shaped ventricular eomiilex in five cases, a Pardee-Q in 
seven cases, and a notched ventricular complex in ten cases concealed 
the left axis deviation ui the standard leads: the Q in the thoracic lead 
was usually deep, sometimes normal, but never shadow in these cases. 
In four eases the standard leads were normal and the Q deep (-8 to -10 
mm.). Li four of the other six cases of distinct hypertension a marked 
dilatation could not be demonstrated by radioscopy (D1 4- Dr not ex- 
ceeding 12.5 cm.) ; a mitral stenosis accompanied by h^Tiertension oc- 
curred once (155/75). In the other ease we found a hypertension of 
195/80 with a normal eleetroeardiogra7n, while the heart appeared to be 
slightly dilated toward the left. 

As a result of these observations we can say that absence of left axis 
deviation in the standard and thoracic leads in cases of marked hyper- 
tension is usually caused by (1) abnormal conditions in the coronary 
system concealing the left axis deviation; (2) notches distorting the 
ventricular complexes; and (3) a normal .shape of the heart notwith- 
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standing the hypertension; in these cases it seems only reasonable to 
assume that the hypertension has not existed very long or is not con- 
stantly present. 

Up to this time a direct relation between left axis deviation and hyper- 
tension has been considered to he doubtful. The results of stati.sties on 
238 patients formed the basis of our hypothesis — that left axis deviation 
depends on a dilatation of the left half of the heart, beginning in a 
sagittal plane (in which stage a left axis deviation can be recorded in 
the thoracic leads only) and later on also in the frontal plane, the heart 
rotating clockwise on its longitudinal axis; in tho.se cases left axis devia- 
tion is usuallj^ recorded in the standard leads too. Left axis deviation 
is generally not seen when no dilatation exists. 

Absence of left axis deviation in hypertension which has brought 
about a heart dilatation is in our opinion caused by other factors which 
conceal the left axis deviation in these cases; thus the electrocardiogram 
is influenced by coronary defects (Pardee-Q, M- oi’ IV'-.shaped ventricular 
complexes, saddle-shaped S-T curve and, in the thoracic lead, a deep Q, 
with a low R and the S-T curve horizontal at first, in.stead of the 
normallj’- existing absence of an isoelectric S-T curve in this lead), or by 
a change of position of the heart, by notches distorting the ventricular 
complexes, by the tendency to right axis deviation in mitral defects, and 
b}' age (a deep Q 4 is normal in youth). The absence of left axis devia- 
tion on the electrocardiograms of patients with hjTperteusio]! calls for a 
search of the interfering factors mentioned above. 


Plate C 

III. Left Axis Deviation in standard Leads Only 

Pig. 13. — Boy, aged .seventeen years, postanginou.s nephriti.s. Ten.sion J.').~i/8.'i. 
ElectrocJirdiogram : left axLs deviation in standard lead.-;, in X>ead IV deep Q-wave, 
.such as i.s commonly seen in adolescence and a.s a rule in cliilUhood. Heart diameter. 

II cm. An example of the remaining of a deep Q-wavc in youthful patients in .spite 
of hypertension. 

IT. Left Axis Deviation Fails in All Leads 

Pig. 14. — ^Woman, aged forty ycar.s, prccordial pain and dy.spne,a on exertion. Ten- 
sion 1G0/S5. Wassermann reaction, negative, He.art sllglitly enlarged to the left, 
hypertension type. Electrocardiogram : in Bead I dlpha.sic T. S-T segment run.s 
below the isoelectric level. Bead II: .somewhat saddic-.sliaped .S-T .segment. In I>ea:l 

III a Pardec-Q. Bead IV; .small, notcited compIexe.«, T j)ositive: the .sliape rernin I.s 
one of the Ci type and orlginate.s here probably front arteriosclerotic change.s of the 
right coronary artery. The.se are rna-sking left axi.s deviation in all lead.s. 

Fig. l.v. — ^IVoman, aged forty-four yeans, mitral steno.sis. Tension Heart 

enlarged to tlie left (13,4 cm.)’ In spite of hypertension and left dilatation, no left 
axis deviation. (Deep Qi, normal .S anil R summits in standard leads.) 

Fig. IG. — Woman, aged forty-eight ye.ars, clironic Bright's di.sease. Ten.slon 
210/1G0. Heart of normal sliape. not enlarged to the left (i2..’5 cm.). The elcclro- 
cardiogi'am shows no typical change.s. Xotwlth.standlng the hypertension the failure 
of left axis deviation conforms to tlic normal heart diameter. 

Fig. IT — Woman, aged sixty-six years, hypertension 22.T/110. Peripheral ar- 
terlosclerosl.s, arteriosclerotic retlniti.s. Heart enlarged to tlie left (Dr A. Pi 10 cm.), 
transverse type, aortic knob prominent. Urine; no abnormalities. Electi-ocardio- 
grams : .saddle-shaped S-T segment in all lea.ls. Tn che.st lo.ad S-T almost liorizontal. 
In Be.ad HI notched ,)/-shaped complexes; I^ead IV: coi'onaiy sclero.sis type (deep 
Q-wavo. relatively low R .summit, almost horizontal S-T line). Conclusion: notwltlr- 
standlng hypoiTension and dilat.ation of the heart, no left axis deviation a.s a con- 
sequence of ooronarj' sclerosis. 

V. Left Axi-s Deviation in All Lead.s; T, Negative, T, Positive, No Convexity of 

,‘i-T Segment in Lead I 

Fig, IS. — Woman, aged fifty-one year.s. hypertension (27.'>/170). Apoplexy, cardiac 
failui-i‘. I2lectrocardiogram : pronounced left axis deviation, S-T segment not evidently 
convex in l-eod I. in Ix-nxl HI slightly conc,ave. 
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n. THE SIGNIFICANCE OF THE NEGATIVE T-WAVE IN LEAD I AND OF THE 
POSITIVE T-WAVTS IN LEAD HI IN CASES OF LEFT AXIS DEVIATION ON 
THE ELECTROCARDIOGRAM (fIG. 18 ) 

A divergence of opinion lias long existed about this phenomenon. Ai-e 
these T-waves, opposite to the main deviation of the electrocardiogram, 
caused by the left axis deviation as such, that is, by a change of position 
of the anatomical or of the electrical axis of the heart, or are the nega- 
tive Tj and the positive T, an indication of an imperfect condition of 
the myocardium? This is a problem of clinical importance. The same 
problem applies to the positive T^ and the negative Tg in electrocardio- 
grams with right axis deviation.^® Barnes and Whitten*'^ as weU as 
"Wilson and Herrmann^^ support the first theory; Freundlieh^® and 
Proger and Minnich,^® the second one. We agree with the opinion that 
in hypertension a negative T-wave in Lead I indicates an imperfect 
condition of the myocardium. This is what experience teaches us. But 
also it is hard to explain how a negative T^ could be brought about by 
a left axis deviation. As we have set forth already, one would sooner 
expect an altered position of the electrical or anatomical axis to cause 
a total inversion of the ventricular complex^® (the T-wave moving in 
the same direction as the main deviation of the ventricular complex). 
In considering the similar diphasic character of the waves in the 
bundle-branch and arborization block, a possible explanation was sought 
in intraventricular conduction disturbances. We have mentioned al- 
ready that an extended QRS complex is hardly ever found in hjiier- 
tension curves. 

The results of our comparison of patients with a positive T^ in the 
electrocardiogram and patients with a negative T,^ are given in Table 
YII. 

Tabi.e VII 



T, POSiTnn 

T, XEGATWE 

Number of cases 

91 

62 

Symptoms of cardiac failure 

26% 

70% 

Anginal complaints 

20% 

26% 


Although patients with a positive T^-wave often show a moi-e markedly 
dilated heart than patients mth a negative Ti, in our cases we often 
found a mild hypertension coinciding with a negative T^ and a higher 
tension still showing a positive Tj. 

Whatever the explanation may be, the experience from our cases has 
taught us that s3’mptoms of decompensation occur more often when 
hjqiertension coincides with a negative T^ and a positive Tg than with 
a positive T^. This fact alone is of clinical interest. 

(For the significance of the T-wave in Lead IV, sec "V. Electro- 
cardiographic Differential Diagnosis.”) 
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m. THE CONSTSXITY OF THE S-T CURVE IN LEAD I AND THE CONCAVITY’ OF 
THE S-T CURW. IN LEAD III IN HYT.’ERTENSION (fIGS. 19-21). 

In studying the curves of patients with hjTpertension, we repeatedly 
found these remarkable abnormalities; The convex S-T curve in Lead 
I as a rule continued into a negative T-wave, and the concave S-T curve 
into a positive T. In most of these eases we noticed serious heart trouble. 
Tlie phenomenon occurred twice as often in subjects over fifty years of 
age as in those under fifty years; it was seldom seen in subjects witli 
tensions under 150 mm. but was seen frequently in subjects with ten- 
sions over 200 mm. Hg. In practicallj’- all cases the heart was dilated 
toward the left, D1 amounting to more than 11 cm, in 75 per cent of the 
eases. In more than half of the eases distinct cardiac failure was 
found, and in one-third of all cases the anamnesis included anginal 
complaints. In patients with tension above 200 mm. the convexitj’' of 
the S-T line occurred twice as frequently as left axis deviation without 
this abnormality. Furthermore, the group with the convex S-T curve 
usually showed a greater dilatation of the heart toward the left than 
tlie otlier group and, finally, a slightly higher incidence of cardiac 
failure was seen than in the other group. 

Here too the question arises whether the convexity of the S-T curve 
in Lead I is a result of the cardiac dilatation as such, or of the poor 
condition of the heart muscle. Finding a distinct enlargement of the 
heart toward the left far more often than in the group without a 
convex S-T curve while the incidence of heart decompensation increased 
in a lesser degree, we are inclined to interpret the convex S-T curve 
as a manifestation of the heart enlargement itself. Those patients show- 
ing a convex S-T curve in Lead I and a tension under 150 mm. Hg 
nearty always suffered from aortic regurgitation, in which tlie heart 
was greatly dilated, althougli real sjunptoms of cardiac failure were 
usually absent. 

Table VIII 



LEFT AXIS DEV. 

WITH CONVEX 

S-T CURVE 

LEFT AXIS DEV. 

VHTHOUT CONVEX 

.S-T CURVE 

Number of cases 

76 

98 

-Men 

45% 

45% 

Women 

55% 

55% 

Over 50 years of age 

63% 

67% 

Systolic tension 145/200 mm. Hg 

30% 

44% 

Systolic tension 200/250 mm. Hg 

50% 

23% 

Systolic tension 250/300 

11% 

3% 

Heart distinctly dilated toward the left 
(D1 4- Dr 16 cm.) 

75% 

28% 

Symptoms of cardiac failure 

55% 

40% 

Anginal symptoms 

30% 

22% 


Comparing a gi’oup of eases of left axis deviation with a convex S-T 
curve to a group without a convex S-T curve, both grou]is, however, 
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showing a negative or diphasic Ti, practically tlie same percentage of 
cases of failure is found, as is shown in Table IX. 

Table IX 


CARDIAC EAII.CKE ANOI.VA PECTORIS 

S-T convex, T, dipha.sie or negative G4% 31% 

S-T not conve.x, T, diphasic or negative (>8% 20% 

Rijkert and Hepburn publi.shed a paper on the convexity of the 
S-T curve"’ some time after we had .started our studies on tliis .subject. 
Tliase autliors also found the convex S-T curve ])raetically always pres- 
ent in arterial hypertension, while the cases showing no hypertemsion 
had aortic regurgitation or aortic stenosis. They found failure in 57 
per cent of the eases, a figure remarkably close to our result (55 per 
cent). On these grounds, they point out the clinical importance of 
this defect, but they omitted to compare their cases with a gj’oup of cases 
of left axis deA'iation without a convex S-T ciu've. Such a comparison 
shows the percentage of patients Avith failure to be not much higher 
than in the group Avithout a conAmx S-T curve. Tn 14 out of 20 patients 
examined after death, they found coronary lesions (sclero.sis, athero- 
matosis and, in one ease, thrombo.sis). This percentage is not .surpris- 
ing in this group considering the fact that hypertension so often coin- 


Pl.ate V 

VI. Convexity of S-T Seyment in Lead I, Concavity in Lend III, Convexity 

in Lead IV 

Figr. 19. — Man, .aged .sixty-.seven year.s tension 220/110. Angina pectons. Ho.art of 
transverse type. Urine, normal. Electrocardiogram: low Ti, left axis deviation 
In all lead.s. Marked convexity of S-T line in I>ead lAL 

Fig. 20. — Man, aged forty-one yeans, clironic Bright’s disease. Tension 2.^0/lC.'i. 
Heart strongly enlarged to tlie left. Electrocardiogram : marked left axi.s deviation. 
Obviou.s convexity of S-T in Lead I, concavity in I>;-ad HI. S-T run.s in Jvead I 
below, in Lead II above Isoelectric level. In addition, negative Ti, and positive Ti. 

Fig. 21. — Man, aged forty-two yeans syphilitic aortic regurgitation. Cardiac 
failure. Heart strongly enlarged to the left. Electrocardiogram: pronounced left 
axis deviation In all leads. Conve.xitv of S-T interval in Iyjad.s I, II, and IV, S-Tj 
■straight, a.scending. 

VII. Fronovneed Convexity of S T Line in Lead IV, With S-JVavc, in Exlen-nve 
Injury of the/ Kidney ( N cjthrosclerofAs ) 

Fig. 22. — AA'oman. aged sixty-six years, diabetes rneilltus, .severe angina pectoris, 
gangrene of toe.®. Tension 220/11.5. Heart enlarged to the left. Electrocardiogram: 
m Lead I, S-T run.® below the isoelectric level and in convex. Tj i.s diphasic. In Ijead 
11 notches in QR, T-wavc dipha.sic. A-A’" time O.IS .sec. Lead III : distinct Pardee- 
Q. .S-T run.s above isoelectric level, I^ead I A': iwinted convc,x S-T line, T negative. 
On thi.s .score a diagnosi.s of coronary .sclero.sis and extcn.sdve damage to the kidnoy.s 
was made. Sudden death, Po.st-morlem examination: severe coronary sclero.si.s. 
I'hrombosi.s of a branch of the left de.scendent coronai-v artery, artei'io.sclerotle nepliro- 
sclerosis. 

Fig. 2.1. — Man, aged fortylflve years, entered Iio.spital witli symptoms of acute 
myocardial infarction. AA''a.s known to be suffering from kidney disease. Tension, on 
entering the ward (when cardiac failure already existed). 12,5/05. Urine, albumin 
0.3 per cent, numerous hyaline and granular casts. No x-r.ay examination, Electro- 
cardiognam: in I>ead I .sm.all, notched complexe.s. .S-T runs a little above the isoelec- 
tric level and i.s .sllghtlj- convex, indication of P.ardoe RS-T .segment. lycad II : S-T 
.segment Iie.K below I.soelectric level, diphasic T-wave. Lead III : deep S-wave, S-T 
below l.soelectric level, dipha.sie T-w.ave. Lead lA': C: type; in addition a convexlt.v 
of the S-T line i.s to be noted. A distinct S-wave exist-s in this lead, Diagno.sls: 
anterior infarction, nephro.sclerosi.® (?). 

Fig. 24 . — The patient declined rapidly, cardiac failure increased, auricular flbrilLa- 
tlon occurred, at flr.st in paroxysm.?, later on continuously. The patient died with 
the symptom.? of severe failure. Po.st-mortem examln.atlon ; dl.s.secting aneurysm of 
the whole aorta, anterior infarction, genuine nephro.sclerosis. 
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cides with arteriosclerosis and that coronary sclerosis is found so often 
at post-mortem examination of patients who have suffered from hyper- 
tension (90 per cent, Nuzum, BlJiot and Evans 50 per cent, Eossle; 
40 per cent, Bell and Clawson^^). 

Necrops}^ also showed eoronaiy lesions in some of our eases ; in some 
other cases, however (e.g., with chronic nephritis), these could not 
always be demonstrated. We came to tlie conclusion that coronary 
changes could not always be considered to Im the cause. 

To summarize, then, we have found that: 

1. The convex S-T curve in Lead I and the concave S-T curve in 
Lead III usually occur in eases of hypertension; in tlie absence of 
hypertension these electrocardiographic deviations are usually mani- 
festations of aortic defects; often they are very clearlj’’ seen in cases 
of chronic nephritis (see also V). 

2. The cause of these changes is to be found in the marked dilatation 
of the heart; eoronaiy troubles may have an influence. 

3. Since a convex S-T curve usually occurs in cases of pronounced 
dilatatiopj the symptoms of failure are naturally frequent; however 
they may be absent (compensated defects of the aortic valves). 

IV, THE OCCURRENCE OF AN S-WAATS, FOLLOWED BY AN EXTRE.ME CONVEXITY 
OF THE S-T CURVE IN LEAD IV (FIGS, 22-24) 

Normally an S-wave is not found in Lead IV and tlie S-T curve starts 
at, or at most, 2-2.5 mm. below the isoelectric level, proceeding contin- 
uously into the negative T-wave without a horizontal stretch. 

A few of the curves, however (avc have seen four tracings up to this 
time), showed a marked S-wave and a distinct convexity of the S-T 
curve. All patients showing this phenomenon were very ill, the clinical 
diagnosis being uremia in two, coronary thrombosis and coronary sclero- 
sis in one each. In three cases a post-mortem examination was made. 
In the patient with coronary thrombosis (Case 23, Fig. 23), in addi- 
tion to the heart infarction which had caused the Cg tjqie (the other 
leads did not point positively to the diagnosis of coronary thrombosis), 
a pronoimced nephrosclerosis was found. We had anticipated this, as 
the descending part of the S-T line was unusually convex for a Cs type. 
A post-mortem examination of the patient with coronary sclerosis re- 
vealed a thrombosis adlierent to the arterial wall. The blood could 
still pass the ramus descendens of the arteria coronaria siui.s'tra, for 
which reason an infai'ct had not developed. In addition, a serious 
nephrosclerosis was found. In a third case of uremia we also found 
e.xtensive alterations in the kidneys. We ai-e not able as yet to explain 
the origin of this type. Hypertension wus found in three eases; the 
heart was dilated in all eases, although not always considerably. What- 
ever the cause may be, this type, which is rather rare (4 out of 2,000 
electrocardiograms), is probably an indication of extensive alterations 
in the kidneys. 
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V, ELECTROCARDIOGRiH»mC DIFFERENTIAL DL4GN0SIS 

On first view the electrocardiogram in hypertension, .especially when 
the T-wave in Lead I is negative, may be mistaken for the electro- 
eardiogi’am of coronary thrombosis: in this case it also looks similar 
to the electrocardiogram of arborization and bundle-branch block. As 
for the bundle-branch block, diphasic ventricular complexes, usuallj^ 
of a high voltage, occur in both types. On the otlier hand, notches in 
the ventricular complexes and an increased Q-S interval are obligatory 
signs of the bundle-branch and arborization block, while notches are 
liardlj* ever, a prolonged ventricular complex practically never, found 
in the electrocardiogram in eases of left axis deviation. Moreover, 
these two electrocardiograms differ in the thoracic lead, in which 
arborization block, in addition to the prolonged and notched ventricular 
complex, shows a deep, pointed T-wave, and tlie Irandle-braneh block, 
a deep obtuse T-wave; while the T-wave is usually normal or slightly 
too low in cases of hj^pertension. Exceptionally these latter cases too 
show a deep T-wave which, however, is associated with a deep, and not 
a shallow or absent, Q-wave in the ventricular complex. 

The electrocardiogram in thrombosis of the left coronary artery fol- 
lowed by an anterior infarct, wliich in Lead I sometimes causes a con- 
vex, high take-off of the S-T segment with the T-wave creeping into it 
(Smith, Pardee), changes in the coui’se of time (two to four weeks) 
into a tjTpe in wdiich S-T starts at the isoelectric level and continues 
after a rather long isoelectric course into a negative T-wave, which is 
comparatively narrow and shallow itself. On first \dew this electro- 
cardiogram resembles that of a case of hypertension with a negative 
Tj. However, the types vutli the convex S-T line do not present any 
differential diagnostic difficulties; in the first place because in hyper- 
tension E-i, after T^ has become negative, is usually high (exceeding 
12 mm.), while m the electrocardiogram of coronary thrombosis is 
low. Furthermore, in Lead IV the tracings are totally different. In 
cases of anterior infarction the Co tjqie (a long descending S-T limb, 
continuing into a short ascending limb, forming an angle of about 125° 
between them) usually occurs, which S-T segment differs altogether 
from the blunt, low or pointed T-wave in the bundle-branch and arbori- 
zation block. In aortic regurgitation, however, it is quite possible that 
the electrocardiogram in the chest lead may resemble the Co tjqie. 
In both cases the Q-wave is small or absent, the E-wave high. However, 
in coronary thrombosis the S-T luie as a rule (not always) has its 
starting point far below the isoelectric level, and a positive T-wave, such 
as usually appears in the Co type of coronary thrombosis, never occurs 
in aortic regurgitation. In addition, the C 2 type usually shows a notch 
(the size of which depends on the location of the electrode), while in 
regurgitation this is often absent. The descending S-T segment is prac- 
tically always straight in coronarj’- thrombosis, and invariably convex 
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in aortic regurgitation. However, in view of the marked similarity 
between the tracings as obtained in the thoracic lead, especially in luetic 
aortic regurgitation and those in anterior infarction, the question pre- 
sents itself whether in aortic regurgitation, too, the coronary circulation 
has not decreased (by luetic changes of the intima or coronary stenosis). 
The anginal complaints in aortic regurgitation point in the same direc- 
tion. 

summary 

In hypertension the cxircmity leads may show: 

1. Left axis deviation alone; 

2. Left axis deviation, with a negative and a positive Tg — usually 
in cases with myocardial damage; 

3. Left axis deviation, with a negative T^, a positive Tg, a convex 
S-Tj interval and a concave S-T., interval. In such eases the heart 
usually shows pronounced dilatation; 

4. Absence of left axis deviation, as a consequence of factors men- 
tioned below. 

Lead IV shows usually tlie following characteristics: P-wave diphasic; 
Q, shallow or absent; a normally wide ventricular complex; I? -wave, 
high; T-wave, rather low, negative and of normal shape; no notches 
usually, Wlien, however, the hypertension is due to aortic insufficiency, 
the S-T segment has a long, convex de.scending limb and a short ascend- 
ing one. When the hypertension is complicated by coronary sclerosis, 
then instead of a small or an absent Q-wave, this wave is u.sually deep; 
the R-wave. low; the S-T interval, isoelectric in its finst portion; and 
the T-wave, negative and deep. However, many variable forms are seen. 
In a few eases of hyimrtension a.s.soeiated with nephrosclerosis we found 
a deep S-wave (-5 to -7 mm.) continuing into a distinctly convex S-T 
interval which, after returning to the isoelectric level, ended in a deep, 
negative T. 

Ziskin concludes his paper, publi.shed in 1928, with tlie words: “Other 
factors, besides those enumerated, and at present unknown, are involved 
in the production of left ventricle prepondex’ance. ” Since then eight 
years have passed in which extensive research work has becji done to 
inve.stigate the condition of the myocardium and the eoronaiy vessels 
by means of the electrocardiogram. 

Using as routine a thoracic lead in addition to the .standard leads, 
we were able to draw conclusions not only from the similarities, but 
e.speciallj' from the differences between them. This bi’ought out the 
fact that in hypertension left axis deviation is pre.sent in 83 per cent 
of the eases in standard or che.sl leads, for which in our opinion not only 
the clockwise rotation in the longitudinal axis, but especially the en- 
largement of tlie heart must be held responsible. We based our ex- 
periments on the assumption that left axis deviation, when absent in 
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marked cardiac dilatation, is obscured by interfering factors. Certain 
factors were found to cause this absence; e.g., in youth, tlie longitudinal 
position of the heart, notwithstanding dilatation; the enlargement in a 
sagittal plane only, in incipient eases; and finally, in advanced age, 
coronary sclerosis. Therefore the absence of left axis deviation in a 
ease of marked enlargement of the heart should lead one to suspect 
some of the above mentioned conditiDns. 

A negative and a positive T, were found to imply an ijivolvement 
of the myocardium. The convex S-Tj interval and concave S-T3 inter- 
val, which in our opinion are caused by tbe pronounced cardiac dilata- 
tion accompanymg these eases, should therefore suggest, usually, a 
doubtful prognosis. 

We have drawn attention to a special type of the ventricular complex 
in Lead IV, in which an S-wave and an extremely convex S-T interval 
are conspicuous; in these cases serious kidney damage was found 
(nephrosclerosis, chronic nephritis). 

Finally, we have described in detail the electrocardiogram in cases 
of hypertension and its differential diagnostic difficulties, giving the 
chest lead especial attention. 
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COROK^ARY THROlilBOSIS : AN INVESTIGATION OF HEART 
PAILHRE AND OTHER FACTORS IN ITS 
COURSE AND PROGNOSIS^f 

A. M. JLvster, M.D., S. Dack, M.D., and H. L. Jafpe, M.D. 

New York, N. Y. 

T he more recent studies of coronary arteiy tlu’ombosis have brought 
out the importance of tlie role of cardiac insufficiency in detex*min- 
ing the course of this disease.^* ^ Early writers^- attributed many 
of the symptoms of eoronaiy thrombosis other than precordial pain 
and shock to passive congestion seeondaiy to ventricular damage. 
Levine® found that in a large group of his patients the temporary 
improvement following the immediate effects of the thrombosis was 
succeeded by symptoms of progressive congestive heart failure, which, 
when they persisted for weeks, a.ssumed an ominous significance. In 
our series we found a high incidence of congestive failure, partieulaidy 
in the fatal eases, and in a number of our patients the sudden appear- 
ance of congestive failure or the .sudden aggravation of preexisting 
failure was the only indication of coi’onaiy artery occlusion. )Similar 
cases of coronary occlusion have probably been unrecognized in the 
past, although some have been I’eported.-' ®' ’’’ 

We have tried to determine the factors that predispose to cardiac 
insufficiency in acute coronary artery thrombosis and to evaluate the 
prognostic significance of the various signs and symptoms related to 
such insufficiency. 

Since coronary thrombosis is predominantly a lesion of the left 
ventricle, it seemed desirable to utilize the concept of left vensus right 
heart failure. That is, when the strain on the left ventricle induced 
by infarction is sufficiently severe, this chamber fails, resulting in back 
pressure in the pulmonarj' circuit and stasis in the lungs. The clinical 
picture of left ventricular failure thus presented was described fir-st 
by Hope® and later by other authors in Europe.®’’^® In this country 
the principle has been discussed more recently by Hirschfelder,^^ Robb 
and VTeiss,^® White and McGinn^® and Pishberg;^'^ lately, Pi.shberg, 
Hitzig and King- have applied it to eoronaiy thrombosis. Failure of 
the left ventricle alone is characterized by dyspnea, oi-thopnea, ashen 
gray cyanosis, cough, bloody expectoration, cardiac asthma, pulmonary 
rales or edema, diastolic gallop rhythm, accentuation of the second 
pulmonic sound, diminished vital capacity, and prolonged arm-to- 

•Prom the Medical Scr\-ice.s and the Cardlographic I>3boratoo'. the Mount Sinai 
Ho.'spital. 

tRead at the moetinfr of tlie American Heart As.'ioclation. Kani?as City, 310., 3ray 
12 , 1936 . 
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tongue circulation time. When the strain further inYolres the right 
ventricle or often initiallj’', if infarction of the interventricular septum 
occurs, evidence of failure of the right ventricle appears in the form 
of bluish cyanosis, distended cervical veins, hydrothorax, enlargement 
of the liver, ascites, edema, increased venous pressure and prolonged 
arm-to-lung circulation time. A combination of both types of failure 
usually occurs in coronarj" thrombosis. Wliite and McGrinn^** have 
emphasized the fact that initial strain of the left ventricle is respon- 
sible not only for the ma joritj’ of eases of failure of this ventricle alone 
but of both ventricles combined. In coronary thrombosis, the primary 
strain is, of course, almost always on the left ventricle. 

INCIDENCE AND JIOBTALITY RATE 

This studj’’ is based on 140 consecutive ward eases of coronary artery 
thrombosis (Table I). Cardiac insufficiency was present in two-thirds 
of the patients; 18 per cent had evidence of left ventricular failure 
alone and 48 jier cent of left and right combined. Isolated heart 
failure of the right ventricle did not occur. It has been observed that 
when the heart fails following coronary occlusion, the right ventricle, 
in addition to the left, usually becomes insufficient. In a previous 
series studied by Master^ nearly all the eases showed definite heart 
failure, usually both left and right. Analysis of the circulatory meas- 
urements in coronary thrombosis published by Fishberg and his eo- 
workers^ indicates similar findings, particularly in the severe and fatal 
cases. It is interesting to note that while the infarction nearly always 
involves the left ventricle alone, the cardiac failure which results is 
usually failure of both left and right ventricles. 


Table I 

Incidence of Heart Failure in 140 Attacks 


• 

FIRST 

ATTACK 

SECOND 

THIRD FOURTH 

ATTACKS 

No. of cases 

74 

48 

16 

2 

140 

Cardiac failure 

39 (53%) 

38 (79%) 

14 (88%) 

2 

93 (66%) 

Left only* 

11 (15%) 

12 (25%) 

3 (19%) 

0 

26 (18%) 

Left and right f 

2S (38%) 

20 (54%) 

11 (69%) 

2 

67 (48%) 

Mortality rate 

8 (11%) 

14 (29%) 

S (50%) 

0 

30 (21%) 


'Left ventricular failure. 

tCombined left and right ventricular failure. 


Cardiac insufficiency occurred in 93 of our 140 eases. It appeared 
with equal frequency in men and Avomen (Table 11) although in this 
series there Avere four times as many men as Avomen. The type of 
failure and the mortality rate were similar for both. The average age 
of patients Avith cardiac insufficiency Avas fift3'-seA’en years, Avhich ex- 
ceeds bA’’ eight 3 'ears those Auithout failure (Table II). This difference 
is probably the result of the more advanced involvement of the coro- 
nary arteries in the older patients. HoAvever, CA'en Amung patients 
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developed severe lieart failure if the infarction was extensive. Tlie 
average age of tlie patients with left lieart failure alone was practically 
the same as that of the patients with combined left and riglit heart 
failure. 

TiVBLE II 


Sex axd Age in Heart Failure 



-MALES 

FEMALES 

TOTAL 

AVERAGE AGE 

No. of ca.scs 

111 

29 

140 

54 vr. 

Cardiac failure 

75 (08%) 

18 (02%) 

93 (00%) 

57 yr. 

No cardiac failure 

••iO (32%) 

31 (38%) 

47 (.34%) 

49 yr. 

Mortality rate 

23 (21%) 

7 (24%) 

30 (21%) 



The pre.sence of cardiac insuificieney was of great significance in the 
outcome of an attack of eoronaiy thrombosis. The moidality rate in 
the group with heart failure was 30 per cent and in that without it 
only 4 per cent (Table III), a difference to be attributed almost en- 
tirely to the cases with combined left and right ventricular failure; 
the mortality rate in left ventricular failure alone was the same as that 
in eases Avithout cardiac insufficiency. Furthermore, failure of both 
A'entricles was present in all but three of our fatal cases. 


Taijle III 

Heart Failure and Mortality Rate 



CASES 

DEATHS 

MORTALITY RATE 

Cardiac failure 

93 

28 

30% 

Left only 

20 

1 

4% 

Left and riglit 

07 

27 

40% 

No cardiac failure 

47 

0 

4% 

Total 

140 

30 

23% 


EXACT AIEASURE-AIENTS OF THE CIRCULATION 

In studying the dynamics of the circulation several rpiantitative 
methods Iuia'c been evolved. The vital capacity of the lungs Avas 
determined almost a century ago by Hutehinson.^*'^ In our experience 
it has been very useful, and Ave are in full accord Avith White and 
McGinid'’ Avlien they say that it has too long been neglected. This 
test consists of measuring the A'olume of air expelled by a forced ex- 
piration folloAving a deep inspiration. The normal for the male aA'cr- 
ages 4,000 e.e. and for the female 3,500 c.c., A’arying Avilh the surface 
area. In the absence of pulmonary disease a reduction in A'ital 
capacity is an accurate measure of left A'cntricular failure, particularly 
Avhen it is beloAv 60 per cent of normal, as Peabody and his associates^® 
and Pratt®® have demonstrated. In heart disease a diminished vital 
capacity results from congestion of the lung secondary to insufficiency 
of the left A'entricle. The dilated ah-eolai- capillaries and the transu- 
date in the alveoli encroach upon the ah'eolar spaces and reduce the 
capacity and elasticity of the lungs. 
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■The function of the left ventricle may also be tested by the time 
consumed in the passage of a substance from an antecubital vein 
through the lungs to the peripheral ai-teries. Numerous substances 
have been employed^*’’ -- to determine this circulation time. As ad- 
vocated by Fishberg, Hitzig and King,-^ we liaA-e used saccharin, the 
end point being a sweet taste. The normal time consumed is from 12 
to 16 seconds and therefore we have considered 18 seconds or more as 
indicative of a significant slowing of tlie circulation through the lungs. 

Similarly, insufficiency of the right ventricle can be determined bj’ 
measuring the arm-to-lung circulation time. Blnmgart-^ used radium 
seed emanation, and Hitzig-'^ and Miller-*’ suggested ether for this 
purpose. The normal circulation time is from 4 to 8 seconds and this 
is prolonged when there is slowing of the peripheral venous return 
through the right ventricle to the lungs. 

Elevation of the venous pressure as evidenced by distended neck 
veins has been recognized for many years as a sign of cardiac insuf- 
ficiency. Direct measurement of the venous pressure in an antecubital 
vein has now become a common procedure in heart failui-e.-^’’ but 
only recently has its importance as an indication of failure primarily 
of the right ventricle been appreciated. Fishberg and his coworkers- 
stressed the value of this test in the study of heart failure in coronary 
thrombosis. We have used the direct method of Taylor, Thomas, and 
Schleiter-''* and have considered a pressure of 9 cm. or higher abnormal. 

The arm-to-tongue circulation time was determined in 65 cases (Table 
IV). In 60 eases it was an accurate index of the severity of failure 
of the left ventricle, and consequently of pulmonary engorgement. In 
5 eases with evidence of left or combined failure, such as rales, en- 
larged liver, low vital capacity, it was normal. This has been noted 
also in occasional cases by Robb and Weiss, and Hitzig, King and 
Fishberg.-” 

Table IV 

Arji-to-Tongue Cikcvlatiox Time ix 65 Attacks 



XORMAL 
(12-17 SEC.) 

.SLIGHTLY VRO- 

LOXGED 

(12-20 SEC.) 

DEFIXITELY 

PKOLOXGEI) 
(21-30 SEC.) 

JIARIvEDLY FRO- 
LOXGED 
(31-60 SEC.) 

No. of cases 

16 

12 

26 

11 

Cardiac failure 

5 (31%) 

8 (67%) 

25 (96%) 

11 (100%) 

Left onlv 

1 ( 0%) 

(25%) 

8 (31%) 

2 (18%) 

Left and right 

4 (25%) 

o (42%) 

17 (65%,) 

9 (82%) 

Vital capacity — 

Average 

2.350 

2,600 

1,900 

1.600 

50% of normal 

25% 

16%) 

54% 

73% 

or less 

Orthopnea 

0 

2 (16%) 

16 (61%) 

9 (82%) 

Mortality rate 

0 

1 ( 8%) 

6 (23%) 

2 (18%) 


The circulation time wa.s definitely prolonged, tliat is, 21 seconds or 
more, in 57 per cent of the cases. Clinical signs of cardiac insufficiency, 
usually of both ventricles, were present in all but one of these eases 
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and a significantly reduced vital capacity (50 per cent of normal or 
less) and orthopnea ivere observed in the great majority. The serious- 
ness of a prolonged circulation time was further reflected in an elevated 
mortality rate. 

The ai*m-to-lung eii’culation time measured 9 seconds or more in one- 
tliird of the cases studied (Table V). In most of these there were 
clinical signs of failure of both ventricles, including elevated venous 
pressure. Two eases in which the ether time was slight^ prolonged 
(9 to 10 seconds) offered no other evidence of cardiac iusufficienej’’, 
and in the absence of other clinical signs it cannot be stated definitely 
that this prolongation was a manifestation of heart failure. 


Table V 

Arii-to-Luxg Circolatiok TiifE IK 40 Attacks 



8 sec. or less 

9 SEC. OB MORE 

No. of cases 

27 

13 

Cardiac failure 

15 (56%) 

11 (85%) 

Left only 

9 (33%) 

1 ( 8%) 

Left and right 

6 (23%) 

10 (77%) 

Vital capacity 

50% of normal or less 

60% 

50% 

Venous pressure 9 cm, or more 

8% 

67% 

Arm-to-tongue time 21 sec. or more 

37% 

85% 

Mortality rate 

1 (3.5%) 

2 (15%) 


In most of the eases of isolated failure of the left ventricle the 
arm-to-lung time was normal. Of 27 patients in whom this measure- 
ment was nonnal, nine were suffering from isolated left ventricular 
failure accompanied by low vital capacity and prolonged arm-to- 
tongue time. However, although the prolongation of the arm-to-lung 
time depends solelj^ on insufficiency of the right ventricle, it was found 
to be normal in 6 cases with definite right ventricular failure. In two 
of these the venous pressure was elevated. It seems, therefore, that 
right heart failure is late in affecting the arm-to-lung circulation time, 
and, when prolongation does appear, other evidence of failure is al- 
ready present. 

The venous pressure Avas measured in 84 cases (Table VI). Of the 
39 patients in Aidiom it was 9 cm. or higher, only one failed to .shoAr 

Table VI 

A'en'ous Pressure ik 84 Attacks 


8 CM. OR LESS 9 C.M. OR JIORE 


No. of cases 

45 

39 

Cardiac failure 

31 (69%) 

37 (95%) 

Left only 

19 (43%) 

1 (2.5%) 

Left and riglit 

12 (26%) 

36 (92%) 

Vital capacity 

50% of normal or less 

32% 

59% 

Arm-to-tongue time 21 pcc. or more 

45% 

73% 

Arm-to-lung time 9 sec. or more 

17% 

77% 

^fortality rate 

4 (9%) 

12 (.31%) 
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evidence of riglit as well as left ventricular failure. The arm-to-tongue 
and arm-to-lung circulation times were prolonged, and the vital ca- 
pacity was significantly reduced in most of this group. When the 
venous pressure was found to be elevated, congestion in the lungs and 
enlargement of the liver had already occurred. Hence an elevated 
venous pressure appeared only when failure of the right Amntricle 
followed that of the left; it was practically ahvays normal in the 
presence of isolated left ventricular failure. Blumgart and Weiss®” 
also found that elevation of the venous pressure was usually preceded 
by a decrease in Autal capacity and slowing of the pulmonary circulation. 

Like the ariii-to-lung time, the venous pressure Avas normal in one- 
quarter of the patients Avith clinical signs of combined left and right 
A'^entricular failure. Thus in earlj’- combined failure the venous pres- 
sure may be normal despite a diminished vital capacity, prolonged arm- 
to-tongue, and in some cases prolonged arm-to-lung circulation times. 
On the other hand, the presence of a normal venous pressure in some 
of these eases of left and right failure may be explained by the con- 
comitant presence of shock in which the A’^enous pressure tends to be 
low.^ 

In this connection the relation of venous pressure to shock was 
studied. It was loAvered to 3 cm. or less in 15 cases, yet clinical signs 
of shock existed in only half of these. Conversely, the venous pressure 
Avas elevated to 9 cm. or more in almost half the patients Avho Avere 
in shock and occasionally to 20 cm. or more. Since congestive heart 
failure was present in many of the latter group, it appears that the 
height of venous pressure is determined by the predominance of either 
shock or congestive failure. No such clear-cut correlation betAveen 
A'^enous pressure and shock as Avas reported by Fishberg and his co- 
Avorkers® Avas found in our series, nor could Ave confirm their impres- 
sion of a definite relationship betAA’^een venous pressure and infarction 
of the inteiwentricular septum. In necropsy examination of 16 cases, 
most of them Avith gross infarction of the septum, the A’-enous pressure 
measured 12 cm. or above in only five, the highest being 18 cm. In 
general, there Avas no correlation between the degree of septal involve- 
ment and the height of the A^enous pressure; in one case Avith prac- 
tically complete infarction of the septum and almost no signs of shock 
the venous pressure was only 8 cm. 

The vital capacit}'- proved to be the most accurate measure of the 
degree of cardiac insufficiencj^ (Table VII). It proA’^ed to be accurate 
not only as a diagnostic sign, but as a prognostic one as Avell, as 
Ernstene has reported.®^ Only tweHe patients had a Autal capacity 
of 75 per cent of normal or higher ; none of these died ; and only one 
had evidence of slight failure of the left ventricle. Almost all the 
patients Avith a Autal capacity of from 25 to 50 per cent of normal had 
cardiac insufficiency, and the majority AA'ere orthopneie. Of eight 
jiatients Avith a A’ital capacity of from 15 to 25 per cent of nonnal, 
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all had severe left and right failure, six had orthopnea; and two died. 
In more than two-fifths of the patients the vital capacity measured 
between 50 and 75 per cent of normal (average 2,500 c.c.). Nearly 
three-fourths of these had signs of congestive failure, and one-third 
were orthopneie. It seems, therefore, that even this moderate reduction 
in vital capacity may be an indication of heart failure.^” As a ride, the 
vital capacity increased as the clinical condition grew better and 
tlierefore was useful in following the improvement of the patient, par- 
ticularly -when frank clinical signs of passive congestion ivere absent. 


Tabi-e vn 

Vital Capacitv ik 80 Attacks 


VITAL CAPACITY- 

-PER CENT or NOP.-MAL 

7fi TO 90% .51 TO 75% 

2(i TO 50% 15 TO 25% 


Vital capacity — 


Average 

3,500 c.c. 

2,500 c.c. 

1,050 c.c. 


775 c.c. 

Range 

2,800 to 4,200 

1,000 to 3,100 

1,200 to 2,000 

400 to 1,100 

Incidence in SO at- 

12 (15%) 

35 (44%) 

25 (31%) 

S 

(10%) 

tacks 






Cardiac failure 

1 (S%) 

20 (73%) 

21 (84%) 

8 

(100%) 

Ijcft only 

0 

11 (31%) 

0 (24%) 


2 (25%) 

Left and right 

1 (8%) 

15 (42%) 

15 (00%) 


0 (75%) 

Orthopnea 

1 (8%) 

11 (31%) 

10 (02%) 

0 

(75%) 

Circulation time 






Prolonged 21 see. 

1 (11%) 

10 (38%) 

15 (75%) 

0 

(8(5%) 

or more 






Slightly prolonged 

3 (.33%) 

0 (2.3%) 

2 (10%) 


0 

18-20 sec. 






Normal 12-17 sec. 

•0 (55%) 

10 (38%) 

3 (15%) 

1 

(14%) 

Mortality rate 

0 

■i (11%) 

3 (12%) 

2 

(25%) 


In general, there was a definite correlation between vital capacity 
and arm-to-tongue circulation time. The latter tvas pi-olonged to 21 
seconds or more in the majority of cases ivitli a vital capacity less than 
50 per cent of normal and in only one ease with a normal vital capacity. 
On the other hand, a normal circulation time occurred in four patients 
with definite cardiac insufficiency and very low vital capacity. Hence, 
as Kobb and Weiss^'’ also found, the vital capacity is usually lowered 
before slowing of the blood flow and is therefore the firet sign of left 
heart failure. As pulmonaiy conge.stion increases, the pulmonary 
blood flow is slowed and the ai-m-to-tongue circulation is prolonged. 
As the strain falls on the right ventricle, the venous pre.ssure is ele- 
vated and finally as the peripheral flow is slowed the arm-to-lung time 
is increased. 

PULSE R.A.TE IN CARDIAC INSUFFICIENCY 

Clinicians early realized the importance of the pulse rate in e.stimat- 
ing the degree of heart failure; a fast rate was associated with cardiac 
strain and a normal or only slightly elevated rate was a good prog- 
no.stic sign. Physiologists showed that the rapid rate of lieailbeat 
indicated a mechanically inefficient heart muscle, with increased oxygen 
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coiisiiTiix)tiou for the "work performed/^-'^^ When tlie rate is slo^v, 
diastole is long enough for the myocardium to receive sufficient oxy- 
gen, and the oxygen consumption per unit of time is tlie most eco- 
nomical. The mechanism for the increased lieart z’ate in severe heart 
failure maj’ be explained b.y tlie Bainbridge reflex, that is, an in- 
creased venous pressure such as occurs in heart failure distends the 
right auricle and reflexly produces an acceleration in heart rate. Fish- 
berg^'^ reasoned that in coronary arteiy thrombosis reflexes initiated 
in the carotid sinus and aorta by the drop in blood pressure gave rise 
to tachycardia. 

We also found that the incidence of cardiac insufficiency rose ydth 
an increasing heart rate (Table VIII). If at anj' time in the coui'se 
of the attack, the rate rose to 120 beats per minute or more, cardiac 
insufficiency was usually present (85 per cent). When the rate was 
100 to 120, cardiac insufficiency was present in three-quarters of the 
cases. In both these groups the cardiac insufficiency in the majority 
of the cases was combined left and right ventricular failure. When 
the lieart rate was below 100, heart failure -was present in only one- 
half of the eases. These findings were consistent in heart rates occur- 
ring at any time during the attack. Even in the presence of shock a 
lieart rate above 100 usually indicated that there was also cardiac 
insufficienc}'. 

Tabi-e VIII 

Pulse Rate and He.vrt Failure (1.3o Attacks) 



(50-S0 

80-100 

100-120 

120/min. or 

OA'ER 

Xo. of cases 

l(i 

43 

42 

34 


Cardiac failure 

7 (44%) 

20 (00%) 

30 (71%) 

29 

(S5%) 

Left only 

.3 (in%) 

11 (26%) 

0 (14%) 


6 (17% ) 

Left and right 

4 (25%) 

15 (34%) 

24 (57%) 


23 (68%) 

Gallop rhythm 

2 (12%) 

13 (30%) 

16 (38%) 

23 

(68%) 

Mortality rate 

1 ( 0%) 

5 (12%) 

9 (21%) 

15 

(44%) 


The A’ital capacity Avas decreased to 50 per cent of the normal in more 
than one-half of the cases with tachycardia but in only one-third of 
the eases Avith a pulse rate beloAV 100. Gallop rhythm frequently ac- 
companied tachycardia, occurring in almost three-quarters of the pa- 
tients Avith a rate of 120 or more, in one-tliird AA’hen the rate Avas from 
100 to 120, and in one-fifth Avlien it Avas beloAv 100. As LeA'ine® and 
BramAvelh^'’ liaA^e already found, it is uncommon Avith a .sIoav pulse rate. 

The mortality rate aa'Us higliest in tlie group with the most rapid 
pulse rate. When the rate AAms 120 or more, death occurred in 44 per 
cent, but in only 10 per cent Aidien it Avas beloAv 100. In 16 patients 
the pulse rate neA'er rose aboA'e 80, and only one of these died. There- 
fore, in coronary artei-y thrombosis tacliycardia indicates scA-ere heart 
failure. 
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PULSE PRESSURE AND CARDIAC INSUFFICIENCY 

A drop in both, systolic and diastolic blood pressure usually suc- 
ceeded coronary occlusion. In many of the eases the drop in the 
systolic pressure was much greater tlian that in the diastolic so that 
the pulse pressure became small. Tins decrease in pulse pressure has 
been attributed to the lowered cardiac output resulting from shock. 
Although it is commonly considered that a pulse pressure of less than 
40 mm. is abnormal, it must be remembered that a “normal" pulse 
pressure depends on the absolute values of the sy.stolic and diastolic 
pressures. Thus a low pulse pressure is probably more significant when 
the diastolic pressure is high than when it is normal. Actually we 
have found that in patients suffering from coronary thrombosis the 
pulse pressure change was significant only when it fell to 20 mm. or 
less (Table IX). This occurred in 12 patients, 10 of whom developed 
cardiac insufficiency, all but one having both left and right ventricular 
failure. Seven of the twelve patients died, making the high mortality 
rate of 58 per cent. On the other hand, the incidence of cardiac insuf- 
ficiency and the mortality rate in the patients with a pulse pressure 
above 20 mm. corresponded with those for the entire series. It is ap- 
parent, therefore, that the incidence of cardiac insufficiency and the 
mortality rate were increased' only when the pulse pressure fell to 
20 mm. or less. Coombs^^ reported .similar results with a pulse pre.ssure 
of 25 mm, or less. 


Table IX 

Pulse Pre.ssure ik Heart Failure (130 Attacks) 



31 MM. OK MOKE 

21 TO 30 MM. 

20 MM. OK I.ES.S 

No. of eases 

73 

51 

12 

Cardiac failure 

47 (G4%) 

34 (G7%) 

10 (83%) 

Left onlj' 

17 (23%) 

8 (1G%) 

2 (1G%) 

Left and riglit 

30 (41%) 

26 (51%) 

8 (G7%) 

Shock 

25 (34%) 

23 (45%) 

9 (75%) 

Mortality rate 

10 ri4%) 

9 (18%) 

7 (58%) 


The effect of shock or peripheral circulatory failure on pulse pre.s- 
sure is shown bj' the presence of this condition in three-fourths of the 
patients with a pulse pressure of 20 mm. or less and in only one-third 
of the patients with pulse pressure above 30 mm. The high mortality 
in the former group is probably the result of a combination of sevei’e 
peripheral and congestive heart failure. 

HEART SOUNDS 

A change in the intensity and quality of the heart sounds following 
coronary occlusion has long been noted and is of great diagnostic value. 
The first sound becomes muffled or faint, and therefore the second seems 
relatively louder. The two sounds may be of equal intensity (tic-tac), 
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and if the rate is rapid, embryoeardia results. A definite decrease in 
intensity occurs usually within two or three days following the attack 
but occasionally may not be observed for two weeks. 

Although the classification of heart sounds according to qualit}'' is 
a subjective one, pertinent observations have resulted from a study 
of this tyjDe (Table X). In ninety-one patients considered to have 
faint or poor heart sounds, cardiac failure Avas present in four-fifths, 
and the mortality rate was 29 per cent. This contrasted Avith a death 
rate of only 9 per cent in tliose AAuth fair heart sounds. An embryo- 
cardia Avas present in fifteen instances and Avas practically ahvays 
associated Avith shock and tachycardia. 

T^able X 


Heart Soukds in 140 Attacks 



FAIR 

SOUNDS 

POOR 

SOUNDS 

EJIBRATO- 

CARDIA 

NO 

GALLOP 

GALLOP 

RHYTHM 

No. of cases 

45 

91 

15 

96 

54 

Cardiac failure 

21 (47%) 

71 (78%) 

9 (60%) 

47 (49%) 

46 (85%) 

Left oulj' 

S (18%) 

17 (19%) 

2 (13%) 

12 (13%) 

14 (26%,) 

Left and right 

13 (29%) 

54 (59%) 

7 (47%) 

35 (36%) 

32 (59%) 

Tachycardia 100 or 

20 (44%) 

56 (62%) 

13 (87%) 

37 (38%) 

39 (72%) 

more 

Shock 

12 (2G%) 

37 (43%) 

13 (87%) 

31 (32%) 

.30 (55%) 

Mortality rate 

4 ( 9%) 

26 (29%) 

2 (13%) 

12 (13%) 

IS (33%) 


Parsonnet and Hs’^man,^^ recording the heart sounds in fourteen cases 
of coronary thrombosis Avith poor heart sounds, found that the first 
sound had lost its larger amplitude and that the second sound had 
assumed the usual characteristics of the first. We have recently taken 
heart-sound records of five patients AAuth coronary thrombosis and have 
found that in four of these tlie muffling of the first sound Avas caused 
by a loss of high frequency Adbi'ations. Apparently injury to the heart 
muscle lessens the ability to produce this high frequency Aubration 
because of either a loss of muscle tone or change in intraventricular 
pressure. 

An overacting type of heart sound Avas occasionally obser\^ed ; Avhen 
this Avas ]jresent, another thrombosis or heart failure Avas found to be 
imminent. If either of these occurred, the heart sounds became poor. 

GALLOP RHYTHM 

Diastolic gallop rhjdhm is an adventitious sound AA'hieh is heard 
during diastole of the heart and together Avith the normal physiologi- 
cal heart sounds gives a definite rhythm like the gallop of a horse.^®- 
The rhjdhm usually consists of three distinct sounds, occasionally of 
four. For j’ears numerous authors haAm emphasized the significance 
of this rhythm as a sign of cardiac weakness and failure especially of 
the left A'entriele.^*^' Thompson and LeA'ine^- haA*e recently shoAvn 

it to be a serious prognostic sign in coronary thrombosis. 
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In our series diastolic , gallop rhythm was present in 54 cases (32 per 
cent) (Tables X and XI). It Avas most common when tlie heart rate 
was rapid and rai’ely occurred AAdien the rate was below 80 per minute. 
White and McGinn^*' reported a .similar incidence in heart failure fol- 
loAving long-standing hypertensioji or coronary thrombosis. In our 
patients gallop rhythm was probably associated Avitli insutifieiency of 
the left ventricle since it Avas as frequent in those Avith isolated left 
A’entricnlar failure as in those Avith combined left and right A'entricular 
failure. About one-half of the patients in each group dcA-eloped this 
sign. The serious prognostic import Avas borne out by the higlier 
mortality rate (38 per cent) in tliose patients Avho presented this 
finding than in those Avho did not (13 per cent). Furthermore it Avas 
present in the great majority of fatal cases. 


Table XI 

.SlGXIKICAKCE OF GaLEOP EuYTUM ]X HeABT FAILFItE 



CASES 

OAI-EOP 

KUYTHM 

xo. 

MOr.TALITY 

.VO OAI-EOP 

P.IIA'TlI.Ar 

xo. 

AfOKTAIATY 

Cardiac failure 

93 

47 (51%) 

18 (38%) 

40 (49%) 

12 (20%) 

Left only 

20 

14 (54%) 

1 ( 7%) 

12 (40%) 

0 

Left and right 

07 

(49%) 

17 (52%) 

34 (51%) 

10 (29%) 

No cardiac failure 

47 

7 (15%) 

0 

40 185% ■) 

2 (5%1 


It is interesting to note that seA'en of the 54 patients Avith diastolic 
gallop rhjdhm deA'eloped no other .sign of congestiA'e heart failure and, 
in fact, had a normal A^enous pressure, circulation time and relatiA'cly 
high A'ital capacity. A gallop rhythm may thus be tlie only sign of 
m.yocardial .strain folloAAdng coronary occlusion. 

arrhythmus 

The frequent occurrence of arrhythmias in coronary ailery throm- 
bosis has often been commented upon. Not uncommonly they are the 
first indication of trouble. In our .series 19 patients, or one in seA'en, 
deA'eloped a cardiac irregularity other than extrasystoles. In each of 
three cases seA^eral types of arrhythmia occui'j'ed at different periods. 
Neai'ly every variety of irx-egularity Avas eneouutered. Excluding pre- 
mature beats the most common aa'RS auricular fibrillation, Avhicli Avas 
present nine times,- aui-icular tachycardia and lieart-block Acere each 
pi-esent three times, nodal rliythm tAA'ice, and auricular flutter once, 
h’inally, ventricular tacliycardia, emphasized by most autliors, occurred 
only once and lasted but a .shoi-t time. Premature beats AA-ere obsci'ved 
in 25 patients. It is interesting that they Avere A'entricidar in origin 
in three-fourths of the cases, presumably bec.au.se the infarction affects 
the A'entricle primanly. 

In most cases the arrhythmias appeai-ed soon after the thrombosis 
had taken place, but occasionally auricular tachycardia and fibrilla- 
tion set in after tAvo or three AA-eek.s. The onset AA-as often accompanied 
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by collapse, especially in cases with sudden marked increase in heart 
rate as in auricular fibrillation or tachjmardia. The outstanding feature 
of these arrhythmias was the fact that the.y usuall.y disappeared spon^ 
taneously after a short period and in some instances were only fleeting. 
This was particular!}' true in auricular fibrillation, as preTiousIy re- 
ported."*'^ Only twice did an arrhythmia become permanent, in one 
patient with auricular fibrillation Avho received digitalis and in an- 
other with incomplete heart-block. 

The transitory nature of the arrhythmias may be explained in sev- 
eral ways. The majority seem to arise either reflexly from the func- 
tional derangement attendant on the acute injury to the heart or 
directly from an irritable focus in the damaged area. Second, in coro- 
nary thrombosis a strain is placed on the auricles* which may account 
for the initiation of auricular flutter or fibrillation. The right auricle 
may be the site of damage in thrombosis of the right coronary artery, 
and this may initiate auricular fibrillation, flutter, tachycardia, or 
nodal rhythm. However, there were cases with left coronary occlusion 
which developed these arrhythmias too. Finally, the conduction .sys- 
tem may be the site of injury, particularly in thrombosis of the right 
coronary arteiy which supplies the S-A and A-V nodes and the poste- 
rior part of the intraventricular septum. Campbell"*"* has reported two 
cases in which stenosis of the specific artery to the A-V node or bundle 
produced no change in rhythm during life. Usually normal rhythm 
is reestablished as soon as the initial shock has disappeared and the 
heart has adjusted itself, but even when there is actual damage of 
the conduction system as in heart-block, the arrhythmia is likely to 
be transitory because of the profuse anastomosis between the vessels 
supplying this area."*'' In this case the duration is usually longer. 

In our series the arrhythmias did not play an important role in the 
outcome of the attack. Only four of the nineteen patiejits, three with 
auricular fibrillation and one with complete heart-block, died during 
the period of irregularity. Collapse and heart failure which wore also 
present probably were aggravated or induced by the arrhythmia. Most 
of the remaining fifteen cases presented some degree of heart failure. 
This was severe and associated with collapse only when the cardiac 
rate was either very rapid as in paroxysmal tachycardia, or very sIoav 
as in complete heart-block. The importance of the heart rate is illus- 
trated in another way by two cases. Each of these patients had 
.suffered a coronary occlusion a short time previously. Both were 
suddenly seized with severe precordial pain and went into collapse; 
auricular fibrillation with a rapid ventricular rate was present in one 
case and auricular tachycardia in the other; in both the electrocardio- 
gram showed changes characteristic of coronary thrombosis. They 
were, therefore, considered to have .suffei-ed a second occlusion. How- 
ever, when the symptoms and the electrocardiographic abnormalities 
disappeared completely within twenty-four hours of the cessation of 
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tlie arrhythmia, it was evident that the entire episode could be ac- 
counted for by the effect of a sudden increase in cardiac rate on a 
heart already damaged by a previous thrombosis. 

RESPIRATORY RATE 

Peabody, ‘Wentworth, and Barker^® suggested that in the absence of 
pulmonary disease the respiratory rate, like the pulse rate, is a useful 
and simple index of heart failure. These authors have shown that 
heart failure, by reducing the vital eapacit}' of the lungs, necessitates 
an increase in pulmonarj' ventilation to supply the patient with ade- 
quate oxygen. With a lowered vital eapacitj" and increased minute 
volume of respiration, the respiratory rate must be increased. These 
three factors are chiefly responsible for the dyspnea of heart failure. 
The diminished vital capacit.y may not alone be responsible for tlie in- 
crease in number of respirations per minute ; pulmonary congestion 
may cause a reflex aeeelex’ati’on of breathing thi’ough the vagus nerve 
and the respiratory center. 

In our cases of coronary thrombosis the respiratory rate remained 
normal unless cardiac insufficiency or a pulmonary complication, such 
as pneumonia or infarction, developed (Table XII). In the absence 
of these complications the rapidity of the respiratory rate indicated, 
not only tlie presence, but also the degree of cardiac insufficiency. A 
rapid re.spiratory rate was usualh’’ found in the first week of the illness. 
When it was 20 per minute or less, cardiac insufficiency Avas present 
in only a small group of cases and Avas of the left A’entricle alone. 
Orthopnea Avas absent; the Autal capacity Avas relatiA'ely high; and 
none of the attacks Avas fatal. As the re.spiratoi-y rate reached 28, the 
incidence of combined cardiac insufficiency, orthopnea, and fatal at- 
tacks rose, and the Autal capacity Avas diminished. Only four of 35 
patients Avith a respiratory rate oA'er 28 had no cardiac insufficienc.y, 
and in these the tachj-pnea Avas due to a pulraonaiy complication. 

Table XII 


Respikatoby Ra'PE axp 

Heart FArn RE 

(152 ATTAfKS) 



liil/MIK. OK 
I.E.S.S 

21 TO 24 

25 TO 28 

29 or. AtoiiE 

No. of capes 

Cardiac failure 
lA?ft only 

Left and ritrht 
Orthopnea 

A'ital capacity 

Per cent of normal 
509e of normal or 
less 

Mortalitj’ rate 

22 

s 

<■’ (27%) 

2 < 9 %) 

0 

00% 

12% 

0 

44 

27 (01%) 

7 (10%) 
20 (45%) 
15 (54%) 

57% 

44% 

5 (11%) 

25 (81%) 

9 (50%) 

10 (51%) 

19 (01%) 

50% 

47% 

7 

55 

.51 (87%)* 

•5 (9%) 
28 (80%) 
27 (77%) 

10 (40%) 
42% 

00% 


•The other four patient.s without canllac ln.?ufllciency .suffered from bronchial 
or pneumonia. 
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DYSPNEA AND ORTHOPNEA 

Dj’^spuea lias been described as the initial and cardinal symptom of 
heart failure^^ and, as we now know, specifically of left ventricular 
failure. Orthopnea is, of course, an advanced type of dyspnea. Its 
mechanism is probably dne to a reduction in vital capacity and reflex 
stimulation of the respiratory rate which results in increased pulmouarj^ 
ventilation, factors that are present in congestion of the lungs. Since 
a sitting or semireeumbent position relieves the patient, it may be as- 
sumed that the orthopnea can be attributed to the increased vital 
capacity^®’ and diminished pulmonary ventilation^*’’ which occur 
in this position. 

Orthopnea was a frequent sjnnptom in our series, occurring in 44 
per cent of the eases (Table XIII). Frequently it was present in the 
absence of pain. Nearly alwa 3 ’’s present in the more seriously ill pa- 
tients, it was an implication of severe combined left and right failure. 
The mortality rate was 43.5 per cent in this group and was onty 3 per 
cent in those without orthopnea. The vital capacity was usuaUj' low- 
ered to 50 per cent of normal or less, the average being 1,800 c.c. 


Table XIII 

Orthopxea and Vital Capacity 




xo. 

AVERAGE VITAL CAPAC- 
ITY 

C C 

NORMAL 

MORTALITY 

RATE 

Cardiac failure with orthopnea 

G2 

(44%) 

1,800 

44 

27 (43.5%) 

Left only 


9 

1,700 

43 

1 (11%) 

Left and right 


5.3 

1,800 

44 

26 (49%) 

Cardiac failure -n-ithout orthopnea 

.11 

(22%) 

2,100 

55 

1 (3%) 

Left only 


17 

2,000 

52 

0 

Left and right 


14 

2,300 

57 

1 (7%) 

No cardiac failure or orthopnea 

47 

(34%) 

2,700 

66 

2 (4%) 


On the other hand cardiac insufliciencj' may occur without orthopnea. 
Thirty-one patients with evidence of failure of both left and right 
ventricles were not orthopneie. It is noteworthy that in this group 
the vital capacity was somewhat higher, averaging 2,100 c.c. and the 
mortality rate was onlj^ 3 per cent. As the patients without signs of 
cardiac insufficiency had a vital capacity averaging 2,700 c.c., it is 
evident that orthopnea is associated with a lowered vital capacity sec- 
ondary to pulmonaiy congestion and is of serious prognostic import. 

PULMONARY EDEMA 

As far back as 1878 Welch** produced pulmonary edema in rabbits 
by injuring the left ventricle. Since then, clinical observations have 
emphasized the relation btyweeu pulmonaiy edema and insufficiency of 
the left ventricle secondary to acute myocardial infarction.^^- 
When the ventricle fails, congestion of the lungs appears; if it is severe 
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or sudden in occurrence, the patients become very dysjmeic and develop 
cardiac asthma. A further increase in congestion results in a suffi- 
eientlj^ high pressure in the pulmonary capillaries to bring on actual 
edema of the lungs. Libman,"- Levine** and Herrick*’^ liointed out that 
pulmonary edema may be tlie first or only indication of a coronary 
occlusion and unless charactei-istic electrocardiographic evidence of 
myocardial infarction is obtained, .such an attack may go unrecognized. 
Nine of our patients who dei'eloped iiulmonary edema had little or 
no precordial pain. Massive pulmonary edema was not infrequent, 
occurring in twenty patients, or over one-lifth of those with conges- 
tiA^e failure (Table XIV). It Avas moi*e common in ivomen than in men, 
perhaps because of the higher incidence of previous hypertension in 
the former. 

Table XIV 

Pulmonary Ekema in 140 Attacks 


NUMBER 


Incidence 

20 (14%) 

Sex — 


Male 

14 (70%) 

Female 

C (30%) 

PreA’ious occlusion 

14 (70%) 

Previous hj’pertension 

17 (85%) 

Enlarged heart 

19 (95%) 

Minimal pain 

9 (45%) 

Left and right lieart failure 

18 (90%) 

Mortality 

10 (50%) 


iVn initial attack of coronaiy thrombosis was seldom complicated by 
pulmonary edema except in patients Avith long-standing hypertension. 
Tlie great majority of these patients gave a history of a previous 
occlusion as Avell as liypertension, and all but one had definite cardiac 
enlargement. In otlier Avords, pulmonaiy edema folloAving coronary 
occlusion usually occurred in those Aidiose hearts had been subjected 
to long-standing left A’entncular strain. Praeticallj’- all the patients 
Avith pulmonary edema also shoAved such evidence of failure of the 
right A'cntricle as enlarged liA'er, distended peripheral A'eins and ele- 
vated A’enous pressui'c. The mortality rate of 50 per cent, a rate eon- 
siderabh' higher than in other patients A\dth congestiA’e failure, Avas 
further CA'idence of the seA-erity of the cardiac failure. 

SHOCK 

Heart failure folloAving coronary thrombosis differs from ordinary 
congestiA'c failnre in that it is frequently associated AAuth peripheral 
circulatory collapse, q'he latter is probably a nerA'ous phenomenon 
initiated by the acute myocardial injury and results in a Ioav peripheral 
A'enons pressure, reduced A'enous return to the heart, and diminished 
cardiac output. In congestiA’e heart failure, on the contraiy, there is 
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ail increase in venous pressure. The clinical picture of the attack de- 
pends therefore on which of the two elements predominates. 

In their recent study of myocardial infarction Fishberg and his 
associates- found that in patients with previously normal hearts shock 
might dominate the picture eomiDletely, particulaily early in the at- 
tack, and that in patients with previous heart failure the signs of 
either^ shock or failure might be foremost. The fi’equent absence of 
cardiac insufficiency during shock, even when extensive infarction 
existed, they attributed to the diminished venous return which lessens 
the work of the heart and prevents passive congestion of the veins. 
This conclusion is borne out bj^ the low venous pressure and normal 
circulation time jiresent during the stage of shock. Shock immediately 
after the attack, followed gradually by signs of passive congestion as 
the shock diminished, was a sequence frequently found in their pa- 
tients. We have been less successful in dividing our eases into those 
with shock and those with heart failure. In most instances we found 
that the two were present simultaneously^ particularly when the pa- 
tients were observed for several days following the onset of the attack. 
Harrison,^ too, points out the frequent association of these conditions 
following coronary thrombosis. 

Manifestations of shock, such as grayish pallor, moist clammy skin, 
cold extremities, collapse or marked weakness, and rapid fall in blood 
pressure, appeared in almost one-half our patients (Table XV). Four- 
fifths of these developed, in addition, passive congestion, either simul- 
taneously or subsequent to recovery from the effects of shock. On the 
other hand, only three-fifths of those without shock developed cardiac 
insufficiency. It may be assumed then that both shock and cardiac 
insufficiency usually occur together and in the more seriously ill pa- 
tients with large infarctions — a conclusion borne out by the fact that 
two-fifths of the patients in .shock died. As practically all the fatal 
cases also suffered from a severe degree of congestive failure, it is 
obvious that both peripheral circulatory and cardiac failure are im- 
portant factors in determining the outcome of an attack of thrombosis. 
In the fatal cases, however, the picture of congestive failure usually 
predominated over that of shock, except when death occurred very 
early in the attack. 

Table XV 

Shock akd Heart Failure ix 135 AraACKS 



NO SHOCK 

SHOCK 

No. of eases 

74 

61 

Cardiac failure 

45 (Cl%) 

50 (Sl%) 

Left only 

16 (22%) 

10 (17%) 

Left and riglit 

29 (39%) 

40 (64%) 

Cyanosis 

37 (62%) 

53 (S3%) 

Mortality rate 

5 (7%) 

25 (42%) 
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CYANOSIS 

Excluding patients 'with pulinonaiy complications, three types of 
cyanosis were observed. In the stage of shock there was usually a 
gratysh pallor rather than cyanosis. In the majoi*ity, the addition of 
left ventricular failure produced an ashy gray cyanosis due to the 
admixture of bluish cyanosis and pallor. Many clinicians have noted 
the eharaetei istic facies which this ashj^ gray hue imparts to coronary 
thrombosis. Second, when severe right heart insufficiency was present, 
the stasis in the peripheral ve.ssel.s produced the typical dark bluish 
purple cyanosis seen in ordinaiy congestive heart failure. Finally, Ave 
have reeentlj' obseiA’^ed four eases in which an intense, blue, symmetri- 
cal acrocyanosis Avas present in all exti*emities. These patients Avere 
extremely sick and suffered from a combination of severe shock and 
cardiac failure, AAdth mai-ked sloAving of the peripheral blood Aoaa'. 

Definite cyanosis occurred in 65 per cent of our patients (Table 
XVI). The incidence of cardiac insufficiency Avas definitely higher in 
these than in the noneyanotic patients and furthermore, the incidence 
of combined left and right heart failure Avas tAviee as frequent. 


Tablk XVI 

CvAXOSis IX Attacks 



XO CYAXOSIS 

eVA-XOSTS 

Xo. of ciise.s 

44 

91 

Cardiac failure 

23 (.52%) 

C8 (75%) 

Left only 

9 (20%) 

14 (15%) 

Left and riglit 

34 (32%) 

.54 (60%) 

No cardiac failure 

21 (48%) 

23 (2.5%)* 

Slioek 

11 (25%) 

53 (58%) 

Slortality rate 

4 (9%) 

20 (29%) 


•Nine patients had a pulmonarj’ complication. 


Shock deA'eloped in more than half of the cyanotic patients, a fre- 
quency double tliat in the noneyanotic patients. The mortality rate 
AAms also considerably higher with eyano.sis, and conversely nearly all 
the fatal cases shoAA'ed a moderate or seA’ere degree of cyanosis. It 
seems therefore that tlie type of cyanosis seen in coronary thrombosis 
is usually a sign of both cardiac insufficiency and shock. 

In eleA'en patients cyanosis of varying degree Avas observed in the 
absencio of slioek, any other sign of cardiac insufficiency, and ain' 
pulmonary complication such as pneumonia, pulmonaiy infarction, or 
emiihysema. It may be that mild temporam^ shock or cardiac insuffi- 
ciency occuia-ed A-eiy early in the attack before the patients came 
under observation and that the cyanosis persisted long after tliese 
conditions disapjieared. Ilamman^ has pointed out that cyanosis may 
Iiersist throughout eoiiA’alescence of the attack even after other signs 
of heai1 faihirc have disappeared. 
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FEVER. 

Fever is one of the cardinal signs of eoronaiy thrombosis. Although 
congestive heart failure has been shoAvn to cause fever,^^ it is probable 
that in coronary thrombosis the fever results from the necrosis of tlie 
heart muscle alone. In the absence of infection a rise to 101° F. or 
more has been taken to indicate the presence of a large area, of 
infarction. Among our 68 patients with such a rise in temperature the 
incidence of cardiac insufficienc.Y and the mortality rate were con- 
siderably higher than in those without fever (Table XYII). Uncom- 
plicated by infection the temperature not infreciuently reached 103° F. ; 
it rose to 104° in onh’- seven patients, six of whom Avere suffering from 
pneumonia in addition to the cardiac infarction. In the majority of 
cases fever Avas highest several da 3 's after the onset of the infarction 
and graduallA- subsided AA-itliin the first Aveek. Tiiree-foiirths of this 
group developed cardiac insufScienc.y. Of nineteen cases AAnth fcA'er 
for from eigiit to fourteen daA-s, cardiac insuffieiencA' Avas present in 
all but tAvo. Onl}’ a minority of patients Avithont fcA’-er deAmloped 
cardiac insufficiencA’. These obseiwations lead to the conclusion that 
feA’-er is a reliable guide to the degree of infarction. 


T.vblk XYII 

Featjr axp He.\rt Failure (t."8 Attacks) 



LESS THAK 101° F. 

101° F. OR HIGHER 

No. of cases 

68 

70 

Cardiac failure 

32 (47%) 

51 (73%) 

Left only 

9 (14%) 

12 (17%) 

Left and right 

23 (33%) 

39 (56%) 

LeucocA*tosis 15,000 or more 

9 (13%) 

21 (30%) 

^Mortality rate 

12 (18%) 

IS (26%) 


FcA^er of two or three Aveeks’ duration occurred in onh* three un- 
complicated eases ; all Avere in cardiac failure. Three of four patients 
Avith fever persisting longer than three Aveeks developed cardiac insuf- 
fieiencA”. HowcA^er, since all four had a complication other than cardiac 
infarction to account for the fcAmr, the latter cannot be correlated AA'ith 
the presence of cardiac failure. In ten patients the various complica- 
tions responsible for prolonged fever Avere pneumonia, embolic acci- 
dents, and renal infection. When feA*er in coronaiy thrombosis lasts 
for more than tAvo Aveeks, one must search for one of the aboA’e or 
similar conditions, since Ave haA'e seen that, eA’en Avhen congestiA-e 
failure is present, fcAmr is ordinarilA’- of short duration. 

LEUCOCTTOSrS 

Another characteristic sign of coronarA* thrombosis is leucoeytosis. 
LibmaiF- has shown that it ma.A- occur Avithin tAA'o hoUre of the attack 
and begins to disappear usnallA- after tAvo days. The aA*erage total 
v^hite blood cell count is from 12,000 to 15,000, but much higher 
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figures liave been reported. The height of the leucocyte count lias 
been taken as a guide of tlie extent of myocardial infai’ction. Kecently 
the pi’ognostic A’^alue of the uonfilament and eosinophile percentages 
has been emphasized."^ 

Although it has been stated that nearly every attack of coronary 
thrombosis is followed by leueoeytosis, the white blood count was less 
tlian 10,000 in two-fifths of our patients (Table XVIII). However, 
the fact must be considered that a number of our patients came under 
our observation one to two weeks following their attack when the 
leueoeytosis may have subsided. A leueoeytosis of 15,000 or more was 
found in nearh* one-fourth of the cases. In these the incidence of 
cardiac insufficiency was no higher than in the patients with a normal 
or only a slightly elevated white blood count. 


Table XVIII 

Leucocyte Count ix 120 Atta(;ks 



LESS THAN 
10,000 

10,000-14,900 

15,000-19,900 

20,000 OK 
MOKE 

No. of case.s 

49 

4.3 

19 

9* 

Cardiac failure 

.32 (05%) 

31 (72%) 

13 (08%) 

0 (07%) 

Left only 

10 (20%) 

7 (10%) 

3 (15%) 

2 (22%) 

Left and right 

22 (45%) 

24 (50%) 

10 (53%) 

4 (45%) 

Temperature 101® F. 
or higher. 

13 (20%) 

20 (00%) 

12 (03)% 

7 (77%) 

Mortality rate 

2 (4%) 

11 (20%) 

0 (31%) 

2 (22%) 


*Two other patients excluded from this g^roup suffered from an associated lobar 
pneumonia. 


The difficulty of correlating leueoeytosis with cardiac failure may be 
explained in part bj* the presence of so many other conditions gi^'ing 
rise to leueoeytosis, such as pulmonary infection, ventricular mural 
thrombosis, deep vein phlebitis, and embolization from the latter two 
sources. 

The presence of leueoeytosis gives a poor prognosis. The mortalit}' 
rate of the seventy patients with a Avhite count of 10,000 or more ivas 
definitely higher than in those with a noi'mal white count. Howei’^er, 
the prognosis was apparently not worse with a count of 20,000 than 
with one of 10,000. Although there was u.sually a correlation betiveen 
leueoeytosis and fever, one was pre.sent in the absence of the other 
in a small group of patients. 


HYPERTENSION AND CARDIAC ENLARGEMENT 

Hypertension has been shoAvn by most Avriters to be a significant 
predisposing factor in coronarA' artery thrombosis, but its relation to 
heart failure has not been exten-sively studied. AA'crbuck"® found that 
heart failure in hypertension AA^as usually associated Avith coronary 
sclerosis or, less often, Avith thrombosis. White, too, reported that 
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iai a large series of liyperteusive patients coronary thrombosis was not 
infrequently the factor inciting congestive heart failure. They, as well 
as numerous other writers, found that cardiac enlargement was 
almost a constant precursor of cardiac failure. Starling and his eo- 
workers^''*’ established the principle that a. heart put under strain 
compensates by an increase in muscle fiber length and by active stretch- 
ing of the ventricular wall and therefore a fatigued heart dilates in 
order to carry on the same circulation and amount of work as a normal 
heart. When the ventricles are unable to empty themselves completely, 
dilatation is inevitable and is, as Fishberg^^ has aptly stated, a useful 
adaptation by the heart to increasing work. Hypertension with its 
increased arterial resistance induces dilatation which if prolonged is 
followed eventually by hypertrophy. 

Nemet and Gross®^ have shown that in the absence of hypertension 
muscle damage in chronic coronary disease may lead to cardiac hj^'per- 
trophj’'. They accepted the view that increased initial fiber tension, 
resulting from muscle damage rather than increased work, may be 
the stimulus to dilatation and hypertrophy, and they emphasized the 
fact that congestive failure in coronary disease is usually the failure 
of the hj’-pertrophied heart. In a post-mortem study, Nathanson^® 
showed that in the absence of definite cardiac enlargement congestive 
failure rarely develops in patients with acute or chronic coronary 
arteiy disease. The enlarged heart has been shown to be an inefficient 
heart. Since its oxygen consumption is related to the degree of dilata- 
tion,®^’ an enlarged dilated heart consumes an increased amount of 
oxA’gen and liberates a high quantity of energy but the useful work 
accomplished is relatively small, and hence the mechanical efficiency 
is low. 

Evidence of hypertension, that is, a systolic blood pressure of 150 
mm. or more or a diastolic of 90 mm. or more, was established in 70 
per cent of our patients either at the time of observation or from a 
reliable history (Table XIX). Cardiac insufficiency developed in al- 
most three-quarters of these hypertensive patients, but in only half 
of those without elevated blood pressure. The presence of hyperten- 
sion had only slight if any effect on the mortality rate. An analysis 
of cases with cardiac failure showed a history of antecedent hj^perten- 
sion in only 75 per cent, that is, in one-fourth of the patients failure 
was apparently not preceded by hypertension. 


Table XIX 

Hyperteksiox and Heart Failure (140 Attacks) 


No. of cases 

Cardiac failure 

IjCft only 

Left and riglrt 
^Idrtality rate . 

NO UYPERTENSION 

43 

23 (53%)' 

4 (9%) 

19 (44%) 

(16%) 

HY-PERTENSION 

97 

70 (72%) 

22 (23%) 

48 (49%) 

23 
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A more constant association -was found between cardiac enlargement 
and heart failure than between hypertension and heart failure. A 
heart was considered eidarged if dullness was increased to the left 
(niidclavieular to antenor axillary line) or to the right (at least 3 em. 
to the riglit of the midsternum) or if tlie transverse diameter on tele- 
roentgenogram measured more than one-half the total inteinal thoracic 
diameter of the chest. By either of these standards, the heart was 
found definitely enlarged in 65 per cent of the eases (Table XX). Evi- 
dence of cardiac insufficiency, usually of both ventricles, Avas present 
in nine-tenths of these. Although dilatation theoreticalh’^ must occur 
in a normal-sized heart which becomes insufficient, six patients Avith 
definite congestive failure showed no clinical evidence of cardiac en- 
largement. The incidence of cardiac enlargement in the patients Avho 
developed congestive failure was much higher, 87 per cent (Table 
XXI). In nearly all instances the in.suffieiency Avas of both the left 
and riglit A’entricles. Moreover, only one-fifth of the patients who 
did not dcA'elop cardiac insufficiency had an enlarged heart. It may 
he concluded that patients Avith coronary thrombosis are much more 
prone to dcA-elop congestiA'e failure aa'Iicu cardiac enlargement is present. 


Table XX 

Heap.t Size axd Heart F^uluke (140 Attacks) 



N'OR.MAL 

EKLAROEU 

Xo. of cases 

49 

91 

Cardiac failure 

12 (24%) 

81 tS9%) 

Left only 

G (12%) 

20 (21%) 

Left and right 

0 (12%) 

G1 (07%) 

Mortality rate 

0 

.80 (?,?,%) 

Table XXI 


Heart Enuargemekt ak» Heart Failure 



CASES 

EXL..AEGED HE.U’.T 

Cardiac failure 

9.8 

81 (87%) 

Left only 

2G 

20 (77%) 

Left and riglit 

07 

01 (91%) 

Xo cardiac failure 

47 

10 (21%) 

Total 

140 

91 (05%) 

latal attacks 

.80 

.80 (100%) 


It may be assumed that the existence of cardiac enlargement in the 
inajontA of our patients aa'os due primarily to preexisting hypertension 
.since this Avas yiresent in 85 per cent of those Avith enlarged hearts and 
in only 41 per cent of tho.se AA'ith normal-sized hearts. Such a high 
incidence in the toimer group emphasizes the role of hypertension as 
a factor m cardiac enlargement and helps to explain the greater inci- 
dence of cardiac insufficiency in the liyperten.siA'e patient.s. 

In a small number of case.s the cardiac eidargement obserA’ed in a 
patient with coronary thromliosis may he attributed to the conge.stiA'e 
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heart failure. A large infarction occurring in a previously normal- 
sized heart may produce sufficient myocardial weakness to lead to 
cardiac dilatation and congestive failure. Observation in such cases 
may show the heart to enlarge as the signs of passive congestion ap- 
pear. In a patient under our care for mauj’ years, repeated tele- 
roentgenograms showed a normal-sized heart. After an attack of 
pulmonaiy edema, initiated by a eoronaiy occlusion, there was a sud- 
den enlargement of the cardiac shadow Avhich has persisted since 
recovery from the thrombosis. 

^MULTIPLE ATTACKS 

In a large series of cases of eoronaiy thrombosis already reported,®^ 
a history of one or more prcAnous occlusions Avas elicited in approxi- 
mately one-half the patients. Our oaaui observations, as AA^ell as those 
of other authors, attest to the great frequency of multiple attacks.®^*'^'^ 
In the present group a typical history of a prcAdous attack Avas obtained 
in 47 per cent of the patients (Table I). Of these, four-fifths deA’'eloped 
congestive failure, the incidence rising AAuth each succeeding attack, 
that is, from 53 per cent in the initial attack to 88 per cent in the 
third attack. It is interesting to note that as many as half the patients 
sutfering an initial attack of thrombosis developed failure since some 
authors- haA^e emphasized that this sequence is uncommon. A history 
of a previous occlusion Avas obtained in only 12 per cent of the pa- 
tients Avho did not deA’elop heart failure. 

The mortality rate, like the incidence of cardiac insuffieiencj^, rose 
with each succeeding attack, being 11 per cent in the initial and 50 per 
cent in the third attack. CoiiA'ersely the majority of patients dying of 
eoronaiy thrombosis liaA^e had a preAuous occlusion as Avell as cardiac 
failure. Eepeated attacks, then, are attended by increasingly more fre- 
quent failure and, consequently, contribute to a poorer prognosis. 

LOCATION OF INFARCT 

Attempts liaA^e been made in the past to localize the site of myo- 
cardial infarction by the type of heart failure present. It Aims thought 
by some investigators^^, gs, g9, to occlusion of the right coronary 

artery led to predominately right ventricular failure Avhile occlusion 
of the left coronary artery aa^s associated with predominately left 
ventricular failure. Since thrombosis of either the left or the right 
coronary artery results in infarction of the left A'entricle, such°an 
attempt to localize the site of thrombosis seems theoretically unsound, 
a conclusion borne out by our oAvn data and that of Fishberg and his 
coworicers.- The latter authors found that left ventricular failime or 
combined left and right ventricular failure resulted from either infarc- 
tion of the anterior or posterior surface of the left ventricle. They 
concluded, therefore, that a differentiation of the left and right coro- 
nary thrombosis could not be made from the tyjie of heart failure 
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present. NeA^ertlieless, Libmaii®® has observed several cases in which 
right heart failure, as manifested by a rapidly enlai-ging liver, ap- 
peared a few hours after occlusion of the right coronary artery. 

Analysis of the eleetroeardiograins and post-mortem material in our 
series (Table XXII) reveals that infarction of the anterior siu'face of 
the left ventricle (Ti, Qi type) was not much more common than 
infarction of the posterior surface. The right coronary artery was 
involved as often as the left. Other authors-- have made the same 
observation. The incidence of cardiac failure in both groups was prae- 
ticallj- the same. Moreover*, there was only a slightly higher incidence 
of right heart failure in posterior than hr anterior irrfarction. As many 
as one-third of the patieirts with signs of occlusion of the left arrterior 
descending cororrary artery developed manifestations of combined left 
and light ventricular failure. The mortality was the same for both 
groups. But when signs of involvement of both surfaces of the left 
ventricle rvere present (Ti, To, Ta type), probably due in marry cases 
to oechrsion of more than one vessel, both the incidence of cardiac 
insufficiency, particularly combined left and right failure, and lire 
mortality rate rose considerabty. 


Table XXII 

Location or Infarct and Heart Failure 



ANTERIOR 

T,., 

POSTERIOR 

ANTEROPOSTKnrOR 

2. 3 

No. of cases 

57 

48 

32 

Cardiac failure 

34 (00%) 

31 (05%) 

27 (85%) 

Left only 

13 (23%) 

8 (17%) 

5 (10%) 

Left and right 

21 (.37%) 

23 (48%) 

22 (09%) 

Mortality rate 

9 (10%) 

7 (15%) 

11 (.34%) 


It has beeii suggested by Libinan'- and Fi.shberg and his assoeiates- 
that infarction of a large portion of the interventricular septum may 
lead to predominantly right ventricular failure, with distended neck 
veins, high venous pressure and engorged liver. In our own series 
gross seplal infarction was found in half tlie fatal cases that were 
examined post-moi-tem. All but one had developed a moderate degree 
of right ventricular failure. This condition, however, was just as fre- 
(pient and just as severe in the fatal eases that showed little or no 
septal infarction. Therefore, no direct correlation between septal in- 
farction and right ventricular failure can be drawn from our present 
material. 

FATAL CASES 

Our latal eases and post-mortem observations yielded instructive 
intoiTnation. Of the 140 eases reviewed here, death occurred in 30 and 
autopsies ivere performed in 23. tyith two exceptions these patients 
had manifestations of moderate to .severe cardiac failure, which was 
in most instances combined left and right ventricular failure (Table 
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XXIII).. The two patients who did not develop congestive failure 
died suddenly early in the attack, one of a ruiitiired left ventricle and 
the other in a convulsion, probably due to a cerebral embolus. 


Table XXiil 

Heart Failure in Pat^vl Attacks 



NONPATAL attacks 

FATAL ATTACKS 

No. of attacks 

110 

30 

Cardiac failure 

Go ( 39 %) 

28 (93%) 

Left only 

23 ( 24 %) 

1 (3%) 

Left and riglit 

40 (35%) 

27 (90%) 

No cardiac failure 

45 (41%) 

2 (7%)* 


'Two sudden deaths; (a.) i-upture of left venti'icle; (b.) convulsiv'e seizure. 


Acute thrombosis of the left and right main arteries or their branches 
occurred with equal frequency, a finding which corroborated our 
earlier conclusion drawn from the electrocardiographic studies. More 
than one artery was acutelj^ im-olved in seven cases ; in three of these 
as many as three arteries had been occluded by recent thrombi. Five 
of the seven cases also showed evidence of previous occlusions. In 
seven other cases there was recent occlusion of one artery without 
evidence of occlusion of any other arter}'. Four of these were in the 
left anterior descending or left circumflex and two in the right cir- 
cumflex artery. Death resulting from a closure limited to only a 
branch of the right coronary is rare, but the occurrence of two such 
cases in a series as small as this disproves the contention of some in- 
vestigators"^ that such a finding is almost never observed at post- 
mortem examination. In these seven cases with a single closure con- 
gestive heart failure was absent in two and was not marked in two 
others. 

In view of the fact that recent articles'**^ have emphasized that in- 
farction may occur without evident thrombosis and vice vei’sa. it is 
interesting to report that in one case myomalacia was present, but no 
evidence of a recent thrombosis was found. 

Evidence of previous occlusions was present in fourteen cases. In 
nearly all, the left anterior descending arteiy was involved alone or 
together v,dth the right coronary. ' Only two cases showed an old occlu- 
sion of the riglit coronary without involvement of the left. It appears 
then that an initial thrombosis occurs usually in the left anterior 
descending artery. In the eases in which this could be accurately 
determined, it was found that the initial occlusion involved this vessel 
ten times and the right coronary only form times. In the second or 
third attack the right coronary is more frequently involved than the 
left. Neither the degree nor type of heart failure depended upon the 
site of the thrombosis, even when gross infarction of the septum was 
present. As one , might expect, however, the more severe eases proved 
to have multiple occlusions either old or recent. 
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We may conelnde tliat in tlie majority ol fatal eases one or two 
vessels liave already been occluded by old thrombosis and that the 
recent thrombosis frequently involves two or three different large ves- 
sels. Tliis explains the tendency to repeated attacks in the same patient 
and the infrequencj’ in fatal cases of a clo.sure limited to one A’e.ssel, an 
observation made also by Sprague and Orgain'* and Saphir and his 
coworkers.*^® 

Although eoronar}- thrombosis may occur in a patient with a heart 
of normal size, practically all the patients examined post-mortem had 
hypertrophied and dilated heaids. Since all but two of these patients 
had definite congestive failure, it confirms the conclusion reached 
earlier that cardiac enlargement is invariably associated with conges- 
tive faihu'e. 

We have strc.ssed the impoi-tance of congestive heart failure in de- 
termining the sevei'ity and outcome of an attack of coronary throm- 
bosis, but we do not wish to leaA'e the impression that congestive failure 
was responsible for death in eveiy fatal case. In addition to the con- 
gestive failure, severe circulatoiy collapse played a definite role in the 
fatal issue in seven eases, cerebral vascular accidents in four, pul- 
monary embolization in three, pneumonia in one, uremia following car- 
cinoma of the bladder in one, and hemopneumothorax following 
exploration for carcinoma of the stomach in one. However, in those 
cases, congestive heart failure aided in hastening the fatal outcome. 

DIFEEREXTIAL DIAGXO.SI.S 

Early recognition of an acute coronary thrombosis is of primary im- 
portance. We have found that the patients who .succumbed in the 
first twenty-four to forty-eight hours after admission to the hospital 
were usually those who had not been told of the ,seriou.sne.ss of their 
condition or in whom the disease was not recognized and who wei’C 
permitted to walk about or work. It is occasionally very difficult to 
confirm the diagnosis of coronary thrombosis, but in doubtful cases 
the patient should be kept in bed until the diagnosis is certain. 

^ e have not infrequently ob.seiwed tlie occurrence of coronary artery 
occlusion even in the presence of marked congestive failure, 3iotwith- 
standing tlie impression that such a sequence is rare. Indeed it has 
been .sugge-sted by Luten"'' that many factors in lieai-t failure, such as 
slowing of the coronary blood flow, may contribute to the onset of 
coronarj" thrombosis. At any rate, a sudden increase in the mani- 
festations of iieart failure in a patient with chronic coronary di.sease, 
even in the absence of precordial pain, should make one suspicious of 
nji acute coronary thrombosi.s,’'^ jjaiiic.iilarly if the patient has suffered 
a previous l.hrombosis. Our post-mortem examinations have stressed 
tliis obsciAUition. In at least thi'ee of our fatal eases with chronic con- 
gestive failure, the piescnce of acute coronary thrombosis, manifested 
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by rapidly increasing heart failure in the absence of precordial pain 
or characteristic electrocardiographic changes, was confirmed at autopsy. 

We did not find evidence to support the common belief that coronary 
thrombosis does not occur in patients with auricular fibrillation. Two - 
such cases appeared in our series. It must be remembered, however, 
that an acute thrombosis may be ushered in wdth a paroxysm of auricu- 
lar fibrillation as the only symptom. 

The difficulty that often arises in the differentiation of coronary 
thrombosis from attacks of cholecystitis or other acute abdominal con- 
ditions is well known and will not be discussed further here. Serial 
electrocardiograms may be neeessaiy in the differential diagnosis from 
pneumonia and pulmonary embolism. The characteristic elevation of 
the ES-T interval, steadily progressing into an inverted T-wave, is not 
seen in these conditions. In fact, we believe that onlj’’ pericarditis with 
effusion may completely simulate the electrocardiogram of coronary 
artery thrombosis including the ES-T and T-wave changes. Another 
differential point is that pulmonary embolism is usually characterized 
by intense cyanosis and tachypnea out of all proportion to the clinical 
sighs and not relieved by oxygen. 

The signs of congestive heart failure should be sought carefully. Al- 
though in this investigation we have made use of such aids in diagnosis 
as determinations of the venous pressure and circulation times, clinical 
observation alone will be sufficient in the majority of cases. Effies in 
the lungs and enlargement of the liver are the earliest signs of conges- 
tive failure to appear. Occasionally rMes in the lungs are absent despite 
such clear-cut signs of left ventricular failure as low vital capacity and 
x-ray evidence of pulmonary congestion. This point has been emphasized 
by Eobb and Weiss. We have had the same experience, but we believe 
that if the patient is regularly and carefully examined rales will rarely 
be missed when left heart failure is present. 

Heart, failure in coronary thrombosis is frequently simulated by com- 
plicating conditions in the lungs. These may be due directly to the myo- 
cardial infarction, as in pulmonary embolism and infarction secondary 
to mural thrombosis of the right ventricle, or they may be associated 
conditions such as pneumonia, chronic broncliitis, and emphysema and 
bronchial asthma. It is in the differential diagnosis that we have found 
the circulatory measurements, such as the venous pressure and circula- 
tion tunes, most valuable.'^® Although pulmonary disease ma3" be accom- 
panied by dyspnea, orthopnea, cyanosis, low vital capacity, and physical 
and x-ray signs in the lungs, these circulatoiy measurements are usually 
normal. Furthermore, the persistence of fever for more than two weeks 
should make one suspect that the signs in the lungs mav be due to 
pntmmonia and not to congestion. However, tlie simultaneous presence 

of both IS not imcommon, for the vascular congestion predisposes to in- 
fect, ion m the lungs. 
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We have not infrequently observed moderate azotemia and albuminu- 
ria. This does not necessarily indicate primary kidney disease, for con- 
gestive failure may also produce these changes. Determining the specific 
gravity often aids in diagnosis; if it is high, it suggests congestive 
failure. 

A sign of cardiac failure in coronary thrombosis not mentioned hereto- 
fore is the appearance of large P-waves in the electrocardiogram. In a 
recent study Master* sliowed that congestive heart failure was very com- 
mon following coronarj’ thrombosis, occurring in 36 of his 40 cases and 
that it was usually associated with large P-waves. The explanation of- 
fered was that the injury to the left ventricle or the inex’eased intra- 
auricular pressure in venous stasis w'ould lead to auricular dilatation. 
The degree of P-wave enlargement was closely correlated witli the degree 
of conge.stive failure present. 


TREATMENT 

Once a diagnosis of coronary artery thrombosis was made, the patient 
was immediately put to bed. Absolute mental and physical rest was 
enjoined : this included being fed and a%'oiding vi.sitors, business cares, 
and overattention by an anxious family. Enemas and cathartics were 
not given during the first few days unless distention was severe. The 
fluid intake was limited to 1,200 c.c. except when azotemia was present. 
Salt was restricted in cardiac failure, 

Tlie patients were underfed the first week, and then, if improvement 
took place, they were placed on an 800 calorie diet. The diet was ade- 
quate and well balanced, con.si.sting of approximately 100 gra. carbo- 
hydrate, 50 gm. protein, and 20 gm. fat. Occasionally a Karell diet was 
given for one or two days a week. This regime of undernutrition elimi- 
nates gaslroeardiae reflexes, lowers the ba.sal metabolic rate, and dimin- 
ishes the work of the heart.'' The sy.stolic and dia.stolic blood pre.ssure, 
the pulse pre.ssure, and tlie heart rate are decreased, indicating a lower- 
ing in cardiac output and work of the heart. It is true that the basal 
metabolic rate is elevated in congestive failure, but it is less high when a 
diminisiied calorie intake is u.sed than when the patient is on a regular 
diet. 

We did not use digitalis, for it is usually unnece.ssary and may 
actually be harmful. 'Wlien precordial pain was present, we considered 
it contraindicated. Levine'’’ advocates the u.sc of digitalis when failure 
complicates coronary artery thrombosis. Tery occasionally we liave seen 
digitalis of benefit in severe congestive heart failure in the .subacute or 
chronic phase of the di.sefise, and it may be nece.s.sary in the rare eases 
of auricular fibrillation with rapid ventricular rale in which cardiac 
faihire is inqxending. e believe, however, that the mercurial diuretics 
with acidifying drugs like ammonium chloride and ammonium nitrite 
,'iic u.sually more efficacious in cardiac failure. Mereupurin has been 
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given linndreds of times without harmful results even when kidney in- 
volvement was a complication. If profuse diuresis occurs, salt must be 
given to prevent excessive dehydration. Tlie mercurial diuretics to- 
gether mth the acidifying drugs were useful in relieving paroxysmal 
and nocturnal dyspnea, Chejme-Stokes breathing and cardiac asthma.'^® 
Morphine should not he given in conjunction mth the mercurial diu- 
retics as it has an antagonistic action. 

The xanthine preparations, such as theophjdlin and ethylenediamine 
(ammophyilin), occasionally gave good results when administered intra- 
venously. We observed no definite effect when they were given by 
mouth. Morphine, or better, dilaudid (Bilhuber-KnoU) has been found 
an invaluable aid in pain, restlessness, sleeplessness, dyspnea, ortliopnea, 
and cardiac astluna.®^ We prefer dilaudid since it is not so constipating 
as morphine or codeine. 

Some years ago it was suggested^® that quinidine sulphate, be given 
prophylaetically in coronary thrombosis to prevent ventricular tachy- 
cardia. Although the authors believed the drug aided in stopping the 
tachycardia, seven of their eight patients died, an unusually high mor- 
tality rate. We object to the use of this drug in myocardial infarction. 
First, it is unnecessary, for the arrhythmias, particularly the parox- 
ysmal tachycardias, are usually transitory and remit without treat- 
ment. Second, we consider quinidine sulphate a dangerous drug; it is 
a protoplasmic poison. It may stop an arrhjdhmia, but it may cause 
more harm by direct action on the cardiac muscle. 

We gave glucose intravenously to very few patients since with the 
regime of imdernutrition in the early days following the coronary throm- 
bosis additional food was not required. Even if nausea or vomiting is 
present, it is unnecessary to resort to intravenous injection because these 
symptoms last only a day or two. We feel that the benefit derived from 
the use of glucose intravenously simply to maintain a high glycogen 
content of the heart muscle is largely theoretical and that in left ven- 
tricular failure other measures, such as the use of morphine and the 
mercurial diuretics, are more efficacious. 

Venesection is indicated in pulmonary edema and, perhaps, when 
there is markedly increased venous pressure with engorged veins, large 
liver, cyanosis, and high blood pressure. As in other forms of severe 
congestive failime venesection at times will produce remarkable tem- 
porary improvement. 

Oxygen therapy was helpful as it occasionally relieved severe pain 
and was of benefit in cyanosis, marked dyspnea, and pulmonary edema. 
As ordinarily used, however, an oxj’-gen tent may be imcomfortable and 
do more harm than good. The moisture should be adequate and exces- 
sive cold avoided. 
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SUJLArARY AND CONCLUSIONS 

Congestive heart failure occurred in 66 per cent of patients with acute 
coronary thrombosis. It usually consisted of failure of both ventricles, 
occasionally of the left ventricle alone. 

The mortality rate was 30 per cent in the presence of heart failure and 
only 4 pel- cent when it was absent. 

The incidence of heart failure and the mortality rate were the same in 
both sexes. The average age of patients with heart failure was fifty- 
seven years ; of those without it forty-nine years. 

The measurements iitilized for determining the degree of heart failure 
were the vital capacity, venous pressure and arra-to-tongue and arm-to- 
lung circulation times. Tlie vital capacity proved to be the .simplest and 
the most reliable gauge of pulmonary engorgement in failure of the left 
ventricle. 

Tlie following clinical signs were a.ssociated with heart failure and 
witli a poor prognosis; pulse rate of 100 or more, pulse pre.ssure of 20 
mm. or les.s, “muffled” or “tic-tac” heart sounds, diastolic gallop 
rhrthm, resiiiratory rate of 28 or more, cyanosis, orthopnea, pulmonaiy 
edema, fever above 101° F. and severe shock. Pulmonary edema at 
times was the only sign of coronary thrombosis. In cases with shock 
veiy profound acrocyanosis might be present. 

Arrhythmias of all types were obseiwed. Usually they were transient, 
disappeared .spontaneously and did not alter the prognosis. 

Heart failure was more common in patients with a history of a 
previous occlusion or long-.standing hypertension and in those -ttutli en- 
larged licarts. The relation between cardiac enlargement and heart 
failure is discussed. 

Pulmonary complications such as infarction and pneumonia were fre- 
quent. The differential diagnosis from heart failure is discussed. 

Heart failure was severe when the area of myomalacia was large and 
when l)oth anterior and posterior .surfaces were damaged. However, no 
correlation was found between the incidence, type, and degree of heail. 
failure and the site of infarction. 

Analysis of the fatal eases revealed both heart failure and cardiac 
enlargement to be alrno.st constant findings. At post-mortem examina- 
tion it was found that old thrombosis in addition to the acute occlusion 
was pre.‘^ent in the majority of ca.ses, that the left anterior descending 
branch of the left coronary was usually the initial vessel occluded, that 
thrombosis was rarely limited to one ve.ssel, and that the incidence of 
anterior and posterior infarction was about equal. 

Treatment consisted of prolonged bed rest, low calorie diet, jnorphine, 
mercurial diuretics, oxygen for dy.spnea and cyanosis, and venesection 
if imlmonary edema was present. Digitalis and quinidine were con- 
-sidered unnece.ss,arv' and even harmful. 
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TRIGONOIDATTON OF THE SEMILUNAR VALVES AND ITS 
RELATIONSHIP TO CERTAIN BASAL SYSTOLIC MUTUMUTIS 

Donald R. Chisholm, M.D., C.M. 

Honolulu, T. H. 

A lthough Laennec fu-st published the results of his experiments 
■with the stethoscope as long ago as 1819, and although the great 
clinicians of at least the latter half of the nineteenth century were 
fully aware of the necessity of distinguishing between organic and 
so-ealled functional heart murmurs, yet, even today, there are physi- 
cians to whom the term “functional” murmur represents an entity 
of suspicious vagueness. Sir James jMaclvcnzie* accounted for this 
slate of mind several decades ago when he wrote the following in 
his famous monograph on diseases of the heart: “As a general rule, 
the more n])trusive a symptom is, the more it impresses the mind of 
the observer, and much more importance is attached to it than to less 
conspicuous phenomena. This is particularly noticeable in signs which 
are detected by auscultation. To the human mind, sounds arising from 
obscure causes liave always been a source of mystery, and the human 
imagination, wlien dealing with the mystei’ious, invai-iably associates 
it with sonuthing malign.” The physician is perhaps .justified in 
adopting this method of rationalization because of his inherent caution 
against diagno.sing a harmless condition when a serious one may really 
be pi’osent. However, it is equally as serious, if not more so, to diag- 
nose an organic condition when the cause of the misleading evidence 
is of trifling importance. 

In order to eradicate the poor rationalization and the occa.sional 
tragic diagnoses sometimes prompted by the discovery of certain 
sy.stolie niurnuirs, it is necessary to remove the obscurity surrounding 
the etiology of these sounds. This can be done only by ascribing the 
murmur to a definite and plausible phy.sical origin. It is simple logic 
that such a definite physical phenomenon as a murmur must have a 
cause that is equally definite whether the murmur is organic or “func- 
tional.” If the cause can be shown to be physiological, the harm- 
lo.ssness of the murmur is evident and can be readily explained to the 
patient; if it can be shown to be variable, the variability of the mur- 
mur can be explained; if it can be shown to be something other than 
intrinsic valvular or myocardial disease, a clearer concept of the 
actually responsible factors is stimulated. Finally, if the cause is 
definitely known, the physician’s .self-assurance and diagnostic dis- 
^-riTuination arc increased. 



CHiSHOLM: TRIGONOIDATION OF SEMILUNAR VALVES 363 

The classification of obscure systolic murmurs has ahvays been ad- 
mittedly unsatisfactory. Such terms as “physiological,” “accidental,” 
“functional,” “important,” and “unimportant,” have only added to 
the general vagueness and have often been wrong in their interpreta- 
tion. Thus the murmur that accompanies hypertension or sj’iihilitic 
aortitis with normal aortic valves may be termed “functional” as far as 
the valves themselves are concerned, but the term does not take into 
account the serious organic disease that makes this “functional” mur- 
mur possible. Again, the common pulmonary systolic “functional” 
murmurs may be harmlessly’ physiological, or they may represent seri- 
ous organic lung disease. An attempt will not be made here to 
classify these murmurs. Suffice it to say that the murmurs to be 
considered are those which occur in the presence of valves which, if 
they could be examined, would be pronounced intrinsically perfectly 
normal. The problem to be settled is how such valves can give rise 
to murmurs and what the conditions are which enable them to do so. 
The study of this problem may be initiated by considering the systolic 
murmurs produced at the pulmonary orifice in the presence of intrin- 
sically normal valves. 

Systolic murmurs are extremely common over the pulmonary area 
— ^Balfour’s area of auscultatory romance — yet it is known that struc- 
tural disease of the pulmonary valves is very rare. So common is this 
murmur that in the great majority' of cases, it must of necessity’- be 
regarded as a normal phy’siological phenomenon. In a smaller group 
of cases it is due to the effects of excessive metabolic and nervous 
acti-xdty on the heart, and in a few eases it is due to extracardial dis- . 
ease, especially of the lungs. Eobinson- states: “The soft sy’Stolic 
murmur so frequently heard at the base in healthy individuals, espe- 
cially during youth, offers an interesting field for speculation 

The pulmonary orifice seems to be especially the one at which vibra- 
tions are apt to be set up by’- the passage of the blood when no struc- 
tural change in the tissues has taken place.” 

When we examine the various conditions in which a nonorganic pul- 
monary’^ sy^stolic murmur may be found, we find that they^ are all asso- 
ciated with a common factor, viz., overfilling- or distention of the pul- 
monary arteiy. The occurrence of such a common factor suggests that 
it is this state of dilatation which is fundamentally' responsible for the 
production of the pulmonaiy systolic murmur associated with normal 
valves, and it is believed that the true physical explanation for the 
murmur can be and has been satisfactorily demonstrated on this basis. 
Years ago, Austin Flint suggested that the pulmonary sy^stolic mur- 
mur was due to a dilatation of the conus arteriosus, but, so far as the 
writer knows, a physical explanation as to why such dilatation should 
cause a niurmur has never been given. 
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Let Ub iiere briefly note a few anatomical facts in regard to the 
conns and pulmonary artery. It is a commonly held idea that the 
conns is separated from the artery itself by a junctional ring of fibrous 
tissue which supposedly is fairly efficient in preventing dilatation of 
the pulmonary orifice. If one -will take the trouble to look for this 
rinn both inaeroseopically and microscopically, it \vill be found to be 
a greatly overrated and practically nonexistent structure in the hu- 
man heart. In other words, for all practical purposes, there is no 
such thing as a pulmonary “ring.” 

The ends of the free margins of each semilunar valve pocket are 
attached to the wall of the pulmonary artery itself at some distance 
aboi o the junction of arterj’ and conus. They are not attached to a 
fibrous ring. The attachment of the free margins to the wall of the 
artery is effected through the intermediation of three fibrous nodules, 
each of which serves as a common point of attachment for the adja- 
cent ends of two cusp margins. Examination will disclose the fact 
that these fibrous nodules do not stretch when the artery itself is 
stretched or dilated, and that therefore the adjacent ends of the cusp 
margins do not pull away from each other "when the vessel dilates. 
The deeper portions of each valve pocket are attached to the endo- 
cardium covering the conus. 

The pulmonary artery itself is quite a soft, relatively thin, very 
easily dilatated, and very easily compressed structure. If one places 
the two index fingers inside the pulmonary orifice and attempts to 
dilate the latter, it will he found that the first real resistance to stretch- 
ing is offered by the inelastic valve margins themselves, not by any 
fibrous ring. If a longitudinal section is made in the pulmonary artery 
and eonus, exactly through one of the common nodule.s, and the re- 
gion of the cusps is then transversely stretched, it will he found that 
stretching is limited by the relatively inelastic valve margins. If each 
I'usp margin is now snipped ivitli the scissors, it Avill he found that the 


artciy is dilatalflo for a considerable degree beyond the point at which 
it. was ])rcviously limited by the valve edges. With tliese anatomical 
iflcts in mind, we may now consider some of the physical changes 
liich occur at the pulmonary orifice during systole of the ventricles. 
It A c'ncle is drawn, say of 1 inch in diameter, or approximately 
the average diastolic diameter of the pulmonary orifice, and it is 
divided by three radii into tliree equal sections of 120 degrees, the 
diagram may he taken to repre.sent the pulmonary orifice with its 
valve ensps closed. Now it is a fact that for small circles of this size 
--and for even imidi larger ones— the sum of any two of the radii 
.irawn is almost exactly equal in length to the 12o‘ degree segment of 
mre.e v.lueu they subtend. Thus in the circle given the .sum of any 
5 -ndii m equal to 1 inch, wliile the segment of the circle which they 
-ummid mensnres 1.04 inche.s. It follows from this that, if the valve 
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opens while the pulmonary artery remains the same size, then each 
free cusp margin, which is equal to the sum of two radii, will fold 
back until in almost exact apposition with the wall of the artery. In 
this position the cusp margin mil offer no resistance to the onrush 
of blood. As a matter of fact, the free margin of each valve cusp is 
somewhat more than equal to the sum of two radii because of the 
fact that it extends slightly downward as irell as inward toward 
the central point of the lumen from its mural attachments. This fact 
enables the margin of the cusp actually to fit back easily against the 
wall of the undilated artery. 

An entirely different relationship results if the pulmonary artery is 
dilated or becomes dilated at the moment the valve opens, and it is 
surprising mathematically how little dilatation is neeessaiy to produce 
this change in relationship. We have seen above that the first appre- 
ciable obstruction to wide dilatation of the pulmonary orifice is pro- 
duced by the unyielding margins of the Amlve cusps themselves, that 
the artery itself is dilatable for a considerable distance beyond this 





Figs. 1, 2, and 3. — Successive degrees of dilatation and trigonoidation. 

point of resistance, and that the adjacent ends of the cusp margins 
are attached to common fibrous nodules which do not themselves 
stretch. Because of these facts, as the artery progi’essively dilates, 
the cusp margins fit less and less snugly against the artery wall during 
systole, as shown successively in Pigs. 1, 2, and 3. At a point of 
maximum dilatation the edges of the cusps would tend to form a 
triangle within the circle of the artery. It is unlikely that such a 
true triangle is ever formed, for the onrushing column of blood would 
cause the margins to bow backward to some degree. Even in well- 
marked dilatation. Fig. 3 would be a better representation of the rela- 
tionships than full triangulation. 

This tendency of the cusp margins to subtend rather than to fit 
snugly into each 120 degrees of the pulmonary artery as the latter 
dilates may be conveniently referred to as “trigonoidation” of the 
semilunar valves, since the margins arch between their points of at- 
tachment to the vessel wall and foian the boundaries of a figure which 
is knovm in plane geometry as a trigonoid. That such trigonoidation 
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ae;i:ally occurs icns sIiorh by the following exT^eriment: A heart was 
‘.btaiucd at the autopsy of a patient who liacl died of pulmonary 
lubcrcuiosLs. Tlic inferior vena cava was plugged witli a cork and 
tiu'hth ii«a ju-ound the latter. A cork through which glass tubing 
pav-srd v.as similarly used to plug the superior vena cava. A clean, 
j.'iu c.c. Ericnnieyer flask was tied by its ncek into the pulmonary 
aifory close to the bifurcation. Air was now pump'ed into the right 
heai't through the glass tubing in the superior vena cava. On looking 
through the bottom of the Erlenmcyer flask the pulmonary valve 
margins were .seen to become comifletely triangulated as the conus 
and artery dilated. Variations in the tension of the valve margins 
'o oT'o oljviously produeed when the right auricle was squeezed and then 
relaxed, thus varying the pi-essurc and degree of dilatation in the 



fi... -S. yeetion of puliiionaiT artery lliroufjl) valves, .showing trlgonolcla- 

tlon. 


ennus and pulinoiuiry artery. The contrast Ifetween the triangulated 
laKi- luargiiis and the stretched circumference of the pulmonary 
arivry was striking, there being Avell-marked .sinuses behind the cusps, 
hrom the bottom of the Erlenmcyer flask llie appearance of the tri- 
angulated eu.siis might he best described as a three-sided funnel within 
the lumen of the artery. 

1 . i,>,onoid.!lirin of the semilunar valve margins results in ideal con- 
Uit.ons .01 iljf production of a sy.stolic murmur. It transforms the 
pulmonary orifice into a structure closely resembling the larynx rvitb 

instead of two. 
a longitudinal section of a pul- 
nmm .. on hce showing trigonoidation of the valve margins. The 

rXb™ i ,vni ol,viop,ly‘ offer Me 
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set into Adbration. Such a. mechanism is so ideal physically for the 
production of a systolic murmur that, on the basis of trigonoidation, 
it is no wonder the pulmonary murmur is so common and can be so 
easily jirodueed. The pulmonary artery dilates considerably, of 
course, vdth each systolic stroke of the right ventricle, and the ac- 
companying moderate trigonoidation of the semilunar valves, while 
perhaps not i)rodueing an audible murmur, has an important physio- 
logical function. It results in failure of eomiilete obliteration of the 
valve pocket, and consequently the recoil of the artery follomng sys- 
tole immediately distends the valve pockets with blood and thus closes 
the valve orifice, allowing little or no refiux. 

It is to be noted that, while on the average each pulmonary valve 
cusp occupies 120 degrees of circumference of the pulmonary artery, 
sometimes one of the cusps is a little larger than the others. This 
favors the production of a murmur, for any cusp occupying more 
than 120 degrees, provided that its margin does not exceed the sum 


F 


B 

Fig. 5. — ^Diagram showing tlie relatively slight dilatation theoretically needed to 
produce full triangulation of the cusp margins. Each side of the triangle is equal 
to the sum of two radii of the smaller circle. Actually, more dilatation than here 
shown is heeded to produce full triangulation. 

of two radii, will have increased difficulty in folding its margin back 
to the vessel waU. This was well shown in the above experiment in 
which one of the cusps occupied slightly more than 120 degrees. Such 
a relationship accounts for the systolic murmur associated with con- 
genitally bicuspid valves, for in this condition each cusp margin oc- 
cupies a diameter and subtends 380 degrees. 

Figure 5 shows what a relatively slight enlargement in the diameter 
of a small circle is needed to produce a complete triangulation of the 
radii. Thus the inner circle, 1 inch in diameter, with the three radii, 
represents the undilated pulmonary artery with the valves closed, 
while the outer circle, only about 0.2 inch larger in diameter, shows 
the valve margins fully triangulated by the moderate dilatation. Ac- 
tually, more dilatation than this is required to produce triangulation 
since the cusp margins are slightly longer than two radii. 
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Figure 5 also demonstrates an important and seemingly paradoxical 
point, namely, as the pulmonary artery dilates, the area bounded by 
the cusp margins actually becomes smaller. Thus the combined area 
of the subtended segments A, B, and C of the undilated artery is lost 
during dilatation, while the tiny triangles D, E, and F combined rep- 
resent the area gained. Obviously a great deal more area is lost than 
is gained. In Fig. 5 full triangulation of the cusp margins reduces 
the area bounded by these margins b}' 36.3 per cent. (Area of tri- 
angle subtracted from area of smaller circle and result expressed as 
percentage of latter.) It is not to be understood that this figure 
represents 36.3 per cent of normal, because, under normal conditions, 
there is probably some trigonoidation of the valves and hence the 
percentage loss of area in the above example is no doubt exaggerated. 
The same relationship would hold for trigonoidation as for triangula- 
tion, except that in the ease of the former the loss of area is not so 
great. Probably it is never sufficient to have an obstructive infiuence. 
This diminution in cross-sectional area does explain one point, how- 
ever, viz., the greater the dilatation the more easily is a murmur pro- 
duced. Nevertheless, no matter what the degree of dilatation, if it 
is due to back pressure and this has been sufficient to lead to tricuspid 
incompetence, a pulmonary systolic murmur may not occur. 

In general there are three groups of conditions in which a pul- 
monary systolic murmur may occur in association with stimeturally 
normal valves. These groups are as follows: 

A. Conditions Which Cause Dilatation of the Pulmonary Artery by 
Increasing the Peripheral Resistance in the Pulmonary Circulation . — 
Physiological examples in this group are the pulmonary systolic mur- 
murs which may occur during full expiration or during the Valsalva 
experiment (attempted forced expiration with the glottis closed). 
Examples of a pathological nature may be mitral steno.sis, emphysema, 
extensive pulmonary fibrosis, and Ayerza’s disease. In some cases of 
mitral stenosis the dilatation of the pulmonary artery may be so 
great that the semilunar valves become incompetent. Usually before 
this time the right ventricle has become pathologically dilated and 
has lost much of its systolic force, while the tricu.spid valve has be- 
come incompetent. Because of these factors there may be no trig- 
onoidation murmur. 

B. Conditions Which Result in Stenosis and Therefore Proximal 
Dilatation of the Pulmonary Artery by Producing KinJdng, External 
Pressure, or Traction Distortion of the Vessel or Its Main Divisions. 
Under this heading may be placed the pulmonary systolic murmurs 
which not infrequently accompany pregnancy, obesity, ascites, and 
other forms of abdominal distention; occasionally extensive unilateral 
pleural effusions or pneumothorax; pulmonary fibrosis with medias- 
tinal displacement; mediastinal tumors; extensive thoracoplasty, etc. 
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Of course, tlie stenosis itself may be responsible for a systolic miu’mur 
in these cases. Such a murmur is usually very loud and harsh as 
compared Avith a trigonoidation murmur. 

C. Conditions Which Result in Increased Venous Return and There- 
fore Increased Stroke Volume and Increased Systolic Force of the 
Right Ventricle. — This is the most interesting group, and it accounts 
for the majority of trigonoidation murmurs. Obviously anything 
Avhich increases the stroke volume and systolic force of the A’^entricles 
should favor the production of this type of murmur. 

The common physiological example in this group is exercise, and 
the mechanism by Avhich it causes an increased A'enous return is too 
Avell knoA^^:l to require discussion. 

ArterioA^'enous aneuiysm may be taken as an example of a purely 
pathological condition causing increased A’^enous return. 

FeAmr is another condition commonly associated Avith a pulmonary 
systolic murmur. In fcA'^er the basal metabolic rate increases, and 
there is need for increased elimination of heat. This is proAuded for 
by an increased minute output of the heart and a dilatation of the 
peripheral A^essels. The basal metabolic rate increases by about 7 
per cent for each rise of 1° F, HoAvever, Samson Wright® states that 
the main need increasing the cardiac output is probably not the change 
in metabolic actiAuty, Avhich is small, but the need for temperature 
regulation, and that the increase in venous return needed to maintain 
the raised minute output is presumably brought about by raised 
capillary and A’^enous pressure resulting from the cutaneous arteriolar 
dilatation. 

It follows from Avhat has just been said that any condition Avhich 
results in dilatation of the cutaneous arterioles and the necessity for 
increased heat elimination may result in the deAmlopment of a pul- 
monary systolic murmur. Thus Norris and Landis^ quote F. HoAvell 
to the effect that the A’-aseular dilatation induced by prolonged SAveat 
baths is of itself sufficient to cause the appearance of murmurs in the 
majority of eases. 

In thyrotoxicosis there is a marked increase in the minute output 
of the heart and a corresponding increase in the A’^enous return. The 
factor of A^enous return thus explains the basal systolic murmur of 
thyrotoxicosis. 

Conditions Avhich result in anemic and anoxic anoxemia result in 
an increase in the minute output and venous return as a compensating 
mechanism and may be accompanied by trigonoidation murmurs. 
.There is probably no such thing as a “hemic” murmur iier se, i.e., a 
murmur due to an alteration in the physical state of the blood itself. 

There are tAvo other common conditions AA^hich may be classified in 
this group, namely, excitement and the effort syndrome. These are 
often accompanied by a basal systolic murmur. They differ someAvhat 
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from tlie other examples just given in that, in addition to an increased 
venous return, the systolic force is increased by heightened sympa- 
thetic tone. According to Samson 'Wright, emotional states produce 
varying degrees of elevation of the cardiac output. DuBois'' quotes 
Grollnian as having shown that psychic disturbances aifeet the cardiac 
output even more than the oxygen consumption. Grollman found in 
testing medical students that anger was associated ■with a rise of 
about 23 per cent in the cardiac output per minute but that worry 
over their standing in laboratory Avork caused somew^hat smaller 
changes. Other work in psychoneurotic states has showm that these 
may be accompanied by a mai’ked rise in cardiac output and therefore 
in A-enous return. It is quite possible that accelerated A^enous return 
in the.se eases is largely due to increased mu.scular tension. 



Ete C.— PliotOKraph of the- pulmonarj' orifice of a heart which w-as fixed In a 
state of distention. In this preparation tiie valves are pu.shed back as far as Oiey 
will go by a plug of cotton in the conu.s. Tiie photograpli demonstrates clearly what 
).s meant by tiie term ‘'triKonoidatlon." A point brouglit out in the preparation of 
such a specimen is that the .sinuses behind tiie valves arc the mo.st disten.sible por- 
tions of the pulmonary artery, thus favoring the production of trigonoidation. 


An important subject remaining for consideration is that of systolic 
murmurs arising at tlie aortic area in the presence of stimcturally 
normal valves. It is of course often difficult to say Avhether a certain 
liasal sy.stolic murmur originates at the luilmonary or the aortic orifice, 
because of transmission of the murmur. It is known, hoAVCA'cr, that 
pulmonary systolic murmurs are much more common as a Avholc than 
aortic systolic murmurs. Since it is felt tliat many aortic systolic 
murmuns, li]<c most pulmonary systolic murmurs, are due to trig- 
onoidalion of the valve margims, it becomes necessary to exidain 
A', hy the aortic murmui*s are so much less common. If one examines 
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the aorta and compares its qualities with those of the pulmonary 
artery, it will lie noted that the former is thicker, offers considerably 
more resistance to distention, and proportionately has less maximal 
dilatability than the latter. The pulmonary artery, lieing a short 
structure of relatively small volume, requires considerable dilata- 
bility in order to accommodate the stroke volume of the right ven- 
tricle. The aorta, on the other hand, has great length and accommo- 
dates a large strolie volume with a relativelj^ slight dilatation at any 
one point. If one Avill note the systolic expansion of the great vessels 
in the exposed heart of the dog, he will immediately see this point. 
The relatiA^e dilatabilities of the tivo great Amssels can also be strik- 
ingly shown by cutting rings from them and stretching them Avith 
the index fingers. That trigonoidation murmurs are less common at 
the aortic than at the pulmonary orifice is due, then, to the relathmly 
small dilatation of the aorta A\dth each stroke Amiume of the left 
ventricle. At the pulmonary orifice most trigonoidation murmurs are 
due to physiological factors brought into play by normal or mildly 
pathological states such as exercise, excitement, fever, anemia, etc. 
These conditions are seldom sufficient to produce trigonoidation mur- 
murs at the aortic orifice. Ajjart from dyjiamic dilatation of the 
aorta, most conditions Avhich cause an aortic trigonoidation murmur 
are definitely, if not seriously, pathological, viz., hypertension, syphilitic 
aortitis, aneurysm of the ascending aorta, atherosclerosis, senile ectasia 
of the aorta, and coarctation. These conditions per se result in enough 
dilatation of the aorta that the addition of each systolic thrust is 
sufficient to produce trigonoidation and a murmur. 

SUMMARY 

Certain anatomical features of the great vessels and their valves 
are discussed. 

Attention is draAvn to the fact that basal systolic murmurs asso- 
ciated Avith structurally normal A'alves have a common factor in that 
they are connected Avith conditions AAdiich cause dilatation of the 
great A’-essels. 

The association of systolic murmurs Aidth dilatation of the great 
vessels is explained on the basis of physical changes in the relationship 
of the A’alve cusx)s to the lumen of the vessel. Experimental eAudence 
has been gwen to corroborate this. The jjarticular relationship of 
the AmlA’^e cusps responsible for the murmur has been termed '‘trig- 
onoidation. ’ ’ 

An explanatory discussion is giA^en of Avhy various conditions such 
as exercise, excitement, anemia, thyrotoxicosis, etc., are associated 
with basal systolic murmurs. 
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The cause of the relative frequencies of pulmonary and aortic sys- 
tolic murmurs is discussed and remarks made on their relative sig- 
nificance. 
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THROmOANGIITIS OBLITERANS IN WOMEN 

Report of a Case* 

Theodore R. Van Dellen, M.D., and Irving S. Wright, M-D. 

New York, N. Y. 

T hromboangiitis obliterans is rare in women. Twenty-one 
cases have thus far been reported.^'^® Herrell and Allen,^° in a 
recent review, discuss the criteria for diagnosis in each of these pa- 
tients. The following brief report is published to add to our meager 
knowledge of this condition as it occurs in women. 

L. V., a Russian Jewess, aged forty-six years, was admitted to the Vascular 
Clinic of the New York Post-Graduate Medical School and Hospital on Nov. 27, 
1934. Her liistory dated back one year, at which time she had exposed her bare feet 
to the floor of a cold room. Following this exposure, she noticed a burning sensa- 
tion in the distal half of her left foot. The condition progressed, so that on ad- 
mission she complained of a constant burning pain over the sole and medial aspect 
of her left foot. Moderate relief was afforded by heat, but the condition was 
greatly aggravated by cold. In the four months prior to admission, walking one 
block had produced an acliing pain in her left foot and ankle, relieved only after a 
few minutes’ rest. Two small ulcers had made their appearance beneath and be- 
tween the last two toes of her left foot. Both of these ulcers were of four w’eeks’ 
duration. One week prior to admission, she had noted a dull pain in her left hand 
and forearm, somewhat similar to the pain in the sole of her foot, but not so severe. 

Her past history was essentially negative. In 1930 the fifth finger of her right 
hand had been amputated because of osteomyelitis associated with an acute infec- 
tion. She had smoked on an average of eight cigarets a day since she was eight 
years of age. Eye bread was included in her daily diet, and she denied the use of 
alcohol. 

Physical examination revealed a well-nourished and well-developed female. She 
was 59 inches (149.8 cm.) tall and 160 pounds (72.7 kg.) in weight. The blood 
pressure in millimeters of mercury was 130 systolic and 90 diastolic. General exam- 
ination was essentially negative. 

Examination of her extremities revealed a marked rubor of both feet, most 
prominent over the toes and inner aspect of her left foot. Pallor was present on 
elevation. The nail of the first toe of the left foot was greatly hypertropliied. Two 
small, moist ulcers were present under the toes of the left foot. The larger ulcer 
was located at the base of the fifth toe. Both feet were moderately cold. Exam- 
ination of the extremities for pulsations revealed no pulsations in dorsalis pedis of 
either foot, nor in the posterior tibial or popliteal of the left leg. The right pos- 
terior tibial and popliteal were palpable. The radial and ulnar vessels of the left 
arm were not palpable. Both vessels could be felt in the right wrist. The oscil- 
lometric readings may be seen in Table I. 

The routine complete blood count, blood sugar, urinalysis, and blood serologj' for 
sypliilis were negative. The electrocardiogram was negative except for a rapid rate 

*From the Vascular Clinic of the New York Post-Graduate Medical School and 
Hospital of Columbia University. 
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of JOJ. IJoentgonognurih- of tlio lower exlreniifics revealed no evidence of arterio- 
.'•derotic idaqiics. No ubnormal clianges were noted on examination of the eyes. 
Unfortunately, a Landi.s hot water immersion test was not performed on admission, 
.but Table II. shows the re.sults of a test performed on Jan. 27, 1930. Tliis would 
indicate the establishment of good collateral circulation, in view of the oscillometric 
readings, which were still as indicated in Table I. 

Table I 

OSCILEOMETEIC EfAMXGS 



LEFT 

EIGHT 

Dorsali pedi (arch of foot) 

0 

0 

I’roximal to ankle 

0 

at 100 mm. Hg 
pressure 

Distal to knee 

1% ° at 100 mm. Hg 

2° at 100 mm. Hg 


pressure 

pressure 

Proximal to wrist 

0 

at 100 mm. Hg 
pressure 




Table II 



Hot Watee Immeesion Test^^ 

TJ.ME 

I'.M. 

1 BIGHT FOOT 

LEFT foot 

FIEST 

TOE 

TIIIED FIFTH 

7.., DOESUM 

TOE TOE 

E.T. 

TOE TOE TOE 


1:00 

2:00 

32.0 

Admitted to clinic for temperature 
32.0 32.5 33.3 28.9 30.1 

stabilization 

29.2 30.3 

20.C 

2:29 

31.1 

32.0 

oi««> 

32.5 30.0 

28.9 

28.9 

31.3 

19.1 

2:20 

31.5 

31.0 

Arms 

31.5 

.submerged in 
32.9 31.5 

water at 45° C. 
29.5 29.3 

31.0 

22.0 

2:3.5 

33.0 

31.4 

30.7 

32.0 31.2 

30.3 

29.0 

31.4 

24.0 

2:50 

32.4 

33.3 

32.S 

33.3 31.4 

30.5 

29.2 

31.5 

25.0 

3:05 

33.0 

33.3 

33.0 

33.0 31.8 

30.5 

29.3 

32.0 

25.4 


•Tompcniture rcading.s in centigrjule. De.scribeU by Lan(U.«. 


Typhoid vaccine’' was given intravenously, starting with a dose of 10 million and 
increasing the dosage gradually to 70 million. The dosage given produced a 2 to 3 
degree rise in body temperature, without an initial chill. Both ulcers were com- 
pletely liealcd after twenty-seven injcction.s. Eleven additional injections were 
given, and the patient became symptom-free. During May, 1930, claudication and 
rest pain returned. Tissue e.xlract 508,1 3 c.c., three times a week, was given intra- 
muscularly, and after five injections the patient continued to have claudication, but 
no rest pain. Heart muscle extract,! 4 c.c., three times a week, was given intra- 
muscularly, and, after nine injections, the patient was able to walk fifteen blocks 
without developing claudication. Twenty-six more injections were given, and the 
patient was discharged from the clinic. Since Sept. 12, 1930, the patient has been 
.symptom-free. 

DISCUSSION 


believe (Iiat we are .iustified in reporting tbis ea.se with tlie cliag- 
nosi.s of tliromboangiitis oblilerans for the following rea.sons: (a) the 
Hessian Jewess; (b) she was forty-five yeai-s of age at the 


tSupiilicd throuKli the klmlne.s.s of Sharpe and Dobmo, 

♦Spectally ptxparcd und .supplied tlirouKli the kindness of EH Lilly and Co. 
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onset of her symptoms; (c) there was no evidence of calcification to 
be seen in x-ray films of the affected extremities, taken for special 
study in that regard; (d) diabetes mellitus is not present; (e) she 
had smoked an averag-e of eight eigarets a day from the age of eight 
years (thirty-seven j^ears) ; (f) rye bread had been an important 
feature in her diet since infancy, much of which time was spent in 
Eastern Europe; (g) her pains were burning in character, and she had 
severe rest iiains; (h) she also had claudication, as a residual symp- 
tom, after her ulcers healed; (i) her ulcers were deep, moist, located 
between the last two toes of the left foot and excruciatingly tender; 

(j) she had marked rubor on dependencj’^ and pallor on elevation; 

(k) there was widespread involvement of the peripheral arteries, as 
determined bj^ absence of pulsations of the major arteries suppljdng 
both feet and the left hand ; (1) there was prompt response to intra- 
venous typhoid therapy, with healing of the ulcers, even though the 
patient was ambulatory. 
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Krebs, A.: The State of the Heart Pollowlng the Introduction of Eadioactive 
Substances Into the Organism. Ztschr. f, Kreislauirorsch. 28: 701, 1930. 

The author measured the concentration of radioactive substancc-s in various 
organs obtained post mortem. The material wa.s obtained from live patients ■svho 
had been exposed in various ways to these substances. The author found that 
the heart had retained relatively little of thc.se substances as compared with the 
other organs. This fact was confirmed in animal experiments. Dilatation of the 
heart which was found in some of these patients is attributed chiefly to the pul- 
monary hypertension and fibrosis which these substances cause, although a direct 
action cannot be ruled out. 

L. K. 


Wezler, Eb, and Boger, A.: The Influence of the Musculature of the Blood 
Vessels on the Arterial Pressure Dome, Ztschr. f. KreislaufTorsch. 28; 7.v9, 
1930, 

The methods used have been described previously by the authors. The observa- 
tions ivere made on living subject.®. It was found that the volume elasticity modulu.s 
curves of the clastic and muscular arteries dilTer in slope even in the same person. 
Changes in the tone of the smooth mu.scles of blood ve.ssels alter the arterial pressure 
dome. The apparent length of the pre.s.sure dome increases v.dth elevation in mean 
blood pressure but to dilTerent degrees depending on the tonu.s of the vascular 
muscles. Such tonus changes also modify the volume elasticity modulus of the 
pressure dome. The main significance of the smooth muscle in the wall of the aorta 
is its tendency to keep tlic apparent elasticity cocflicicnt of the pre.csurc dome 
constant when the pressure within it is varied 50 mm. Hg or more. The authors 
suggest that reflexes from the root of the aorta and carotid .sinuses mav act not 
only on the licart and periphenil vessels, but .also on the smooth mu.scie of the 
aorta to help keep the arterial prc.s.sure dome constant. 

L, K. K. 


Clark, Bitot E., and Clark, Eleanor B.: Observations on Living Mammalian 
Lymphatic Capillaries: Their Eelatlon to the Blood Vessels. Am, J. Anat. 
CO: 253, 1937. 


regenomtjon of lymphatic capillaries has been studied by ob.seiwation in 
round table" cliamber.s in.serted into the ears of living rabbits. It has been 
. I-^.Iod tb.'it nev.- lympliatic capillaries grow by a proce.ss of sprouting from pre- 
e-xis.ing endothcdiuin and th.at they fonn an independent system of vosseh, 

r.'-.!" It” development of bloofl capillaries, clear periva.scular spaces 

‘''^cationally acquire a border of longitudinally arranged 
irttn': definite channels. When the lymphatic capillaries 
‘ -e areas around the bloo<i capillaries l>efore the dense intnivascular tissue has 
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been formed, they sometimes follow the course of the blood vessels but frequently 
grow at random in the gelatinous intravascular substance. "Wlien the intravascular 
connective tissue is present the Ijunphatic vessel usually advances contiguous to the 
artery or vein., Wlren the contiguous blood vessel is a capillary or thin-walled vein, 
direct leakage of fluid from the blood stream to the l3Tnphatic vessel may occur. 

Following periods of inflammation, localized areas of widening are observed in the 
blood vessel whicli accompanies the lymphatic vessel. This enlargement is relatively 
greater and persists longer on the side next to the lymphatic. At the time of active 
blood flow, the bulges in the wall of the blood vessel indent the wall of the accom- 
panjdng lymphatic, encroaching on its lumen, while with decreased pressure in the 
blood vessel the '^aneurysm’" is inverted and the wall of the lymphatic then pro- 
trudes into the vein. If the endothelium of the blood vessel is weakened, hemorrhages 
may occur at the bulging place. However, no fistula was observed in any of the 
preparations. 

Because of the sluggishness of lymph flow in peripheral lymphatics, cells which 
entered a Ijmphatic from a neighboring blood vessel frequently remain for hours 
or days witliin its lumen before moving on. Phagocytosis of degenerated poly- 
morphonuclear leucocytes and of erjfhrocjdes b.y macrophages occasional!}^ occurs 
inside the lumen of the l}mphatic capillaries. In those instances in which newly 
formed arteries have acquired active contractility, the accompanying l}mphatic is 
compressed when the artery dilates, and expands when the artery contracts. 

E. A. H. 

Briickner, G.: A Measure of Cardiac Function. Ztschr. f. Kreislaufforsch. 28: 
721, 1936. 

The author recorded the venous pulse optically simultaneously with the electro- 
cardiogram and the heart tones. He determined congestion on the basis of altera- 
tions of the systolic collapse of the venous pulse. He concluded that the alterations 
of tliis part of the venous pulse give the earliest signs of congestive heart failure, 
and this makes venous pulse registration of value in congestive failure. 

L. N. K. 

Fischer, R.: Clinical Studies of the Jugular Venous Pulse. Ztschr. f. Kreislauf- 
forsch. 28: 801, 1936. 

Stasis in the neck veins below the level of the jugular vein enhances the volume 
pulsations of the jugular vein. AVlien this stasis exceeds an optimum, the pulsations 
in the lower part of the neck decrease and disappear but are still noticeable in the 
upper part of the neck. A large venous pulsation on the left rather than the right 
side of the neck is a sign of congestive heart failure. Similar significance is to be 
attached to a unilateral positive venous pulse or to a positive venous pulse occurring 
only in expiration. The distention of the neck veins nith a disappearance of pulsa- 
tions following pressure on the abdomen is also valuable in indicating stasis. 

L. N. K. 

Von Borisdorff, B.: Technic of Measuring Arterial Pressure Directly by Means 
of Arterial Puncture. Acta med. Skand. Suppl. 78. Report of 17th Scan- 
dinavian Congress of Medicine, June, 1935, p. 293. 

The simple and known technic of arterial puncture under novocaine anesthesia 
was carried out. The needle was connected to a Broemser manometer through a 
three-way stopcock by a metal (lead) tube. A syringe half -filled with sodium 
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citrate solution was attached to the stopcock so tliat immediately after puncture 
the needle and adjacent portions of the apparatus could be filled with citrate solution. 

The Broemser Frank manometer together with the source of light was mounted 
on a heavy metal rod, the other end of which was fixed to the camera stand. The 
rod could be moved vertically and horizontally and fixed tightly within a limited 
zone. The procedure was to have the rod so placed before puncture of the artery 
that the m:inometer with the lead tube projecting was not far from where the 
point of connection with the needle would be after the latter’s insertion. The 
manometer and lead tube were filled with citrate and the connecting lead tube 
bent until its conical end could be thrust into the stopcock to which the needle was 
already connected. A little practice soon enabled one to place the manometer cor- 
rectly before puncture. Since moving the manometer made necessary readjustment 
of the optical system, it was essential to have it placed beforehand within the 
region through which the lead pipe could be conveniently bent. The author issues 
an interesting warning, namely, that if one has to hunt for the arterj’ and injures 
it in puncturing, the pulse may disappear. If this happens he recommends gbung 
up the experiment. Very excellent records are shown of arterial pressure during 
injection of adrenalin and during a Valsalva ex’periment. Sample curves of two 
or three varieties of pulse are also reproduced. 

.1. ir, S. 

Wolffe, Joseph B., and Digilio, Victor A.: Pancreatic Extract (Tissue Extract 
No. 568) : XIV. Its Use in the Treatment of Hypertension. J. Lab. & Clin. 
Med. 22: 375, 1937. 

Tlio effect of de-in.sulinized pancreatic extract (tissue extract No. 508) has been 
studied in a series of 150 un.selccted cases of hypertension. One liundred patients 
of the group were used as controls. Blood pressure readings of the patients in 
bod were taken three times daily and of the ambulatory patients twice weekly. 
A total of .3,800 injections of tissue extract was gii'en in this study. There were 
no unusual complications from the injections except .slight pain at the site of 
the injection; mild urticaria in two patients, a sterile area of fatty necrosis in one, 
and a stapliylococcic abscess in a diabetic patient. 

In eight of 108 patients suffering from hypertensive cardiovascular di.scasc, 
there was a marked lowering of systolic and di.astolic blood pressure following the 
admini.^tration of the extract. In 62 f»er cent of this group symptomatic relief 
which persisted in some cases for over a year was obtained. There was no correlation 
between the symptomatic relief and the effect on the blood pre.«.sure. It is believed 
that the relief obtained is associated with metabolic change.s, probably an improve- 
ment in tlie lipoid metabolism. In .six of eight patients with essential hypertension 
without changes in the cyegrounds and without renal changes, a temporary lowering 
of the blootl pressure wtis obftiined which lasted only while tissue extract was 
l-icing administered. 

E. A. H. 

Weicker, E., and Nehrkom, O.: Mj’ocardium and Tonsillitis. Zlsehr. f. Kreislauf- 
for.'-ch. 28: 1936. 

The elect roi-ardiognirn i.s the only certain diagnostic criterion of involvement 
of the inyfvardiuni in both acute and chronic tonsillitis. The evidence appears not 
onlt a*. A-^ bltfck and e.xtra.Kystole.a, but also as deformities in the variou.s segments 
of the curve, cs{>ccially the T-wave. 


L. N. K. 
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ScMomka, G., and Eaab, W.: The Significance of the Relative Duration of 

Systole — ^Its Relation to Age in Healthy Persons. Ztschr. f. Kreislaulforsch. 

28: 673, 1936. 

On comparing tlie duration of electrical systole (the Q-T interval) mth the cycle 
length in 336 normal resting subjects (having an average age of forty-three years) 
the author found that Fridericia’s formula (S = F jS' 0) %vas applicable; F vras 
found to be 8.02 ± 0.02 in this gi'oup instead of 8.22 as found by Fridericia and 
7.57 as found by Herxheinier. An analysis showed that systole/cycle ratio increased 
as a person aged, the correlation factor F varj-ing from 7.95 in youth to 8.30 in 
senility. This is a functional response to aging. In children, F was 7.00; and the 
short dura,tion of systole in this age group, the authors argue teleologically, permits 
more time for diastole at the more rapid heart rates which are present in children. 

L. H. K. 

BrUner, H.: Blood Pressure and Pulse Recording With Electrical Transmission. 

Ztschr. f. Kreislaufforsch. 28: 814, 1936. 

A triode circuit is described in wliich both grid and plate are provided with a 
variable oscillatory circuit coupled by a mutual variable inductance. The plate 
current can drop in the region of resonance of the grid and plate circuits from a 
maximum to almost zero. One of the condensers in the grid circuit is constructed 
so as to permit small capacity changes when it is submitted to pressure changes. In 
tliis way pressure changes can cause changes in the plate current which can be 
recorded with an oscillograph. The entire circuit is modeled after one used in in- 
dusti-y for measuring thickness of objects. (No description is given of the actual 
arrangement for connecting the measuring condenser to the animal). 

A. K. 

Kiss, P. V.: Diphtheritic Alterations of the Heart. Ztschr. f. Kreislaufforsch. 28: 

753, 1936. 

This analysis is based on an e.xperience ’vvith over 500 clinical cases of diphtheria 
seen by the author. As a result he divides diphtheritic heart involvement into a 
number of stages as follows: 

. 1. The period of early changes — the period of cardiac dysfunction — which lasts 
three weeks and consists of the following subdivisions: 

a. The period of toxin invasion occurring during the first two or three days. 
No anatomical changes occur, and deaths are rare. There is fever, malaise, 
tachycardia, and an elevated blood pressure. It is a period of cardiac 
stimulation. 

b. This is then followed bj' a period during which anatomical changes develop 
in the heart and/or the conducting system. Hence, block and QEST de- 
formities occur. Bradycardia is also present. 

c. This is then followed by a period in which the ectopic centers become 
overactive. Tachycardias and arrhythmias occur at this time and these 
may lead to dilatation, ventricular fibrillation, and death. 

, 2. The period of late changes — the period of heart weakness — wliich lasts from 
the third to the eighth or the twelfth week. Tlie heart shows fragmentation 
and myolysis and also evidence of interstitial inflammation. Clinicallj-, there 
are the various manifestations of heart failure, and death, when it occurs, re- 
sembles that in other types of heart failure. 
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In diplithcria, in addition to tiie above, certain rarer complications occur such as 
emboli from cardiac thrombosis, endocarditis, and anaphylaxis from serum. 

L. K K. 

Griffith, J. Q., Jr., Jeffers, W. A., and Lindauer, M. A.: Transient Hypertension 
in Bats Following the Extravascular Administration of Fluid. Am. J. Surg. 
118; 1, 1937. 

A report has been made previously of experiments in which intraeisternal injection 
of colloidal kaolin produced marked rise in cerebrospinal pressure and in blood 
j)ressure in the rat. Additional experiments are reported in which the effect on the 
blood pressure of increase in cerebrospinal fluid has been observed. An increased 
amount of cerebrospinal fluid can be produced by giving hj-potonic fluids in- 
travenously, but when blood X)ressurc changes are to be studied, these fluids must 
be given extravaseularly, citlier by hj’podermoclysis or by intraperitoneal injection. 
A vascular hj’pertension appeared in 40.5 per cent of 129 rats given fluid, either 
distilled water or physiologic saline, in amounts not exceeding 30 c.c. per 100 gm. 
of body weight subcutaneously, or 15 c.c. per 100 gm. of body weight intra- 
perifoneally. The hj-pertension thus produced was associated with increased cerebro- 
spinal fluid pressure. A correlation with blood dilution or with increased water 
content of the brain could not bo demonstrated. A difference is recognized in the 
experimental syndrome thus produced from that described by Bowntree because this 
syndrome can be produced either by physiologic saline, which never produces 
“water intoxication,” or by water in relatively .smaller amounts than that used by 
Bowntree. The animals did not appear to be ver 5 ’ ill and seldom had convailsions. 

E. A. H. 

Tirala, L. G.; The Action of Deep Breathing Upon Blood Pressure. Deutsche 
Med. Wchnschr. 63: 92, 1937. 

By way of introduction the author states that he is unable to divide patients with 
In-pertension, as he sees them in Southern Germany, into the varieties of “red” and 
“white” hj'pcrtension described in Northern Germany. Pale hypertensives have, 
in his experience, kidney involvement as well. He report.s, inadequately, two cases 
of mild hypertension as exainj)los of what can be done by deep breathing. Only 
systolic pressure is shown in the charts. In one case it drops from variations between 
1.10 and 120 to between 110 and 90 mm. Hg, in the other, from 170 and 140 to be- 
tween I-IO and 120. Breathing exercises are given three or four times daily for 
six to eight minutes, and emphasis is placed chiefly upon expiration rather than 
in.spiration becau.se mo.st of his patients’ chests were fixed partly in the inspiratorj’ 
po.'^ition. riio author believes that this mode of treatment is responsible for the 
disappearance of subjective .sj-mptoms such as dyspnea, insomnia, irritability, head- 
ache, poor memory, etc., and flatulence as well. 

J. M. S. 

White, James C., Okelberry, Alfred M., and Whitelaw, George P.: Vasomotor 
Tonus of the Denervated Artery; Control of Sympathectomized Blood Vessels 
by Sympathomimetic Hormones and Its Eelation to the Surgical Treatment 
of P.atient.s With Baynaud’s Disease. Arch, of Neurol. & P.sychiat, 36: 1251, 
1930, 

l)ener\:iiion of the .sympathetic ner%’e suppl}' to the arm by ganglionectomy ha.s 
proved far Ic.-s effective in relieving the symptoms of Bajmaud’s di.scase in the 
upjK-. c'Xtrcniitie.s than has a similar procedure in relieving the symptoms and re- 
storing adequate circulation in Eaynaud’s disease of the lower extremities. The 
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reason for this discrepancy has been obscure until recentl}'. A clue to the solution of 
the problem may be found in the phenomenon well known to physiologists, since the 
work of Elliott in 1905, that denervated smooth muscle becomes abnormally sensitive 
to epinephrine reaching it in the blood stream. The possible clinical significance 
of this principle Avas overlooked up to the time of the work of Freeman, Smithwick, 
and Wliite in 1934. These investigators found that in human beings in whom 
cervicothoraeic sympathectomy had been performed a striking vasoconstrictor re- 
sponse occurs both as a result of intraA’enous injection of very dilute quantities of 
epinephrine and as a result of stimulation of the adrenal glands by insulin-induced 
hypoglycemia. 

In order to obtain further information concerning this constrictor response after 
sympathectomy, a series of experiments was performed on 35 albino rabbits and 
3 monkeys. The extent of A'asoconstriction in the rabbit’s ear in response to cold, 
fear, psychic or painful stimuli was determined after the folloAving procedures had 
been carried out: (1) acute denervation b}’- infiltrating the tissue at the base of the 
ear -with a 1 per cent procaine solution; (2) complete surgical sjrmpathetic denerva- 
tion of the ear including ganglionectomy with subsequent degeneration of post- 
ganglionic neurons; (3) surgical sympathetic deneiwation of the ear including 
ganglionectomy and resection of one adrenal gland and denervation of the other; (4) 
preganglionic sjunpatheetomy of the ear by laminectomy and division of the upper 
thoracic spinal roots or by resection of tlie inferior cervical and first and second 
thoracic sjanpathetic ganglia. In the monkeys, similar tests were performed and 
adrenalin injection was done following cerA-icothoracic ganglionectomy and after 
anterior ' rhizotomy from the fourth through the tenth thoracic segment. In one 
animal the two procedures were carried out on opposite sides. 

The results of the experiments demonstrate conclusively that the increase in sensi- 
tivity of the denervated arterial wall is much greater after ganglionectomy and 
degeneration of the postganglionic neurons than after destruction of the pre- 
ganglionic portion of the vasoconstrictor pathway, with preservation of the ganglia. 
Some circulating hormone mediates the vasospasm which persists after ganglionec- 
tomy and degeneration of postganglionic libers and it is thought to be adrenalin. 
•SjTnpathin and other as yet unlAnoum substances probably play a contributory role. 

The difference in results from cervicothoraeic ganglionectomy and lumbar 
ganglionectomy can be explained on tlie basis of the different anatomic arrangement 
of the. vasomotor outflow to the arms than to the legs; according to Langley, ‘'the 
vertebral sympathetic ganglia are segmental and each supplies sympathetic fibers 
to its own spinal nerve. The few fibers which do not arise from the corresponding 
ganglion arise from the ganglion next above or below.” Therefore, lumbar 
.ganglionectomy interrupts the vasoconstrictor outflow to the sciatic nerve in its 
preganglionic portion in contrast to the cervicothoraeic ganglionectomy Avhich causes 
degeneration of the postganglionic fibers to the brachial plexus. The importance of 
these experiments to clinical surgery is in emphasizing that the ganglia which 
are commonly^ removed in cervicothoraeic ganglionectomy for Eaynaud’s 
disease are the most important ones to preserve. Section of the thoracic 
sympathetic chain below the third ganglion and resection of the proximal 2 to 3 cm. 
of the second and third intercostal nerves produces sympathetic denervation of the 
upper extremity of man without performing ganglionectomy. Theoretically, such 
a procedure Avould prevent the greatly increased sensitivity of arterioles to epi- 
nephrine which follows ganglionectomy. Consequently, the results of preganglionic 
sympathectomy for Eaynaud’s disease of the upper e.xtremities should be as good 
as those following the standard tjqje of sympathetic denervation for Eaymaud ’s 
disease of the lower extremities. Tliere is considerable eAudenee that this is true. 


E. A. H. 
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EocQlcr, Louis: Genesis of Intestinal Infarction Folio-wing Emljolization of the 

Superior Mesenteric Artery. Arcli. Psitli. 22: 7.i5, 1D3G. 

One would expect that embolic occlusion of the .superior mc.senlcric artery 
in man would re.cult in anemic necrosis of the intestine^ but it is well known that 
it cau.=es a hemorrhagic, infarct. Xumcrous investigators, attempting to obtain an 
explanation, have ligtited superior mesenteric arteries in animals. Contradictorj' 
results have been obtained. The author ligated the superior me.senteric arteries of 
rats, immediately ajid thereafter observed the blood vessels in the intestine, and 
observed an immediate arrest of the whole circulation except in the few collateral 
channels. xVneniic necrosis resulted. The eollalcral channels arc extraordinarily 
few and eompleteh' nnconeernod with the process of infarction. After ligation of 
the portal vein as well as of the superior me.senteric artery, the collateral circulation 
is more extensive. Likewise, thrombosis of an intestinal vein or strangulation of 
an intestinal loop — measures wliich increase venous pressure — results in hemorrhagic 
infarction. The author reasons that the cause of the clinical hemorrhagic infarc- 
tion found in embolization of the superior mesenteric artery is to be sought in the 
congested and altered state of the circulation caused bj' cardiac changes which 
produce the emboli. 

H. IL 

Spiegel, Rose: Clinical Aspects of Periarteritis Nodosa. Arch. Int. Med. 58: 99.3, 

39.3C. 

Because of the variability of .symptom.«, periarteritis nodosa mimics other condi- 
tions and even with the aid of biop.sios has been diagnosed correctly in only .about 
12 per cent of the x'roved cases. In recent years diagnoses have been much more 
accurate, because with such multiplicity of synix)toms no other single diagnosi.s is 
applic.ablo. 

Fifteen cases of periarteritis nodosa with post-mortem studies are' presented, 
ifore than lialf had prodromal illnes.sc.s — acute tonsilliti.s, acute sinusitis, scarlet fever, 
or .«ensitization asthma. Four clearly had had rheumatic fever. The u.sual mode 
of on.“Ct was -with abdominal pain, associated with articular, cardiac, or renal 
symptoms. xVll the patients showed cardiac and renal involvement at autopsy. 
Twelve had cutaneous lesions of various sorts; 12 had polyserositis; 7 had .surgic.'il 
r-omplication.c involving the gastrointe.stinal tract, .3 of which were hemorrhagic 
pancreatitis; 5 had arleritic lesions of the liver; one h.ad periportal fibrosis; and 
2 had fatty degcnenition. No one cause of periarteritis nodosa has been found. 
The periarteritic nodule.s are small aneurysm.';, but no case has been proved to be 
caused by syphilis. Attempts to rexiroducc the disease in lower tuiiinals by inocula- 
tion of cru.diod nodules have henn inconclusive. Tlie bacteria principally implicated 
in tlie prodromes of periarteritis nodo.sa are the licmolriic .streptococci. The disease 
may be !i superimposed va.scular reaction in the cour.se of rheumatic fever. Healing 
can occur. Healed peri.'irtcritic Ic.sions closely rc.semble arteriosclerosis. 

H. :m. 

Gutznt, R.; Gangrene From Blocking of the Veins. Munchen. ined. IVchnschr. 

83: No. 40, 19.30, 

After a lengthy introduction wliich In'gins witli Harvey’s di.scovery, which follows 
the increasing emphasis placed upon the vascular system instead of upon the heart 
alone, and which end.s with the statement that the importance of the vein.s is not 
yet fully appre.’.lated, the author reports six cases of venous thrombo.sis. The striking 
fnct.s common to all save one of the cases were that thev occuTrr«d snddenlv and 
pro-luccd moist g:mgrene (usually with edema), that the 'pulsation.s of the artery 
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eould not be felt, that they were taken to be cases of arterial embolism. That the 
artery was not occluded was ascertained by operation or autopsy. He states that 
a reliable means of distinguishing between venous and arterial blockage is surface 
temperature — in, the former the temperature is normal provided gangrene is not 
already present. Figures for the surface temperatures are not given, however. 

J. M. S. 

Hunt, John H.; .The Eaynaud Phenomena; A Critical Review. Quart. J. Med. 

5: 399, 193G. 

A critical review of the Eaj-naud phenomena is presented. The differential 
diagnosis of the various conditions in which these phenomena occur is considered in 
detail. The probable explanation of the mechani.sm producing the sjauptoms and 
signs and the results from sjanpathetic ganglionectomy are discussed. 

E. A. H. 

McKechnie, R. E., and Allen, E. V.: Sudden Occlusion of the Arteries of the 

Extremities. Surg., Gjaiec. & Obst. 63: 231, 193G. 

The sources and causes of embolus and thrombosis of the peripheral arteries are 
discussed. In 47 per cent of the cases, the sjauptoras appeared suddenly and reached 
their maximal intensity quickly; in the remaining cases the development of sj'mptoms 
was gradual, requiring from one hour to several hours to reach full development. In 
only 54 per cent of cases was pain the initial symptom. The incidence of diagnosis 
of sudden arterial occlusion parallels roughly the suspicion by the physician that it 
exists. If one e.xamines the extremities for the condition only wlieu severe pain, 
pallor, and coldne.ss exist, manj' cases will bo overlooked. Thrombophlebitis is the 
only condition which nia}- be differentiated with difficulty from sudden arterial oc- 
clusion. Ordinarily the normal temperature, edema, distended veins, and normal 
arterial pulsations observed in cases of thrombophlebitis serve as an adequate con- 
trast to the lowered temperature, collapsed veins, and diminished or absent pulsations 
in the arteries in cases of sudden arterial occlusion. However, arterial pulsations 
may be absent temporarily in phlebitis, apparently as a result of spasm. In sudden 
arterial occlusion the veins may be distended, usually after many hours have elapsed, 
as a result of secondary venous thrombosis. Under sucli circumstances close attention 
must be given to the mode of onset and the known possibilities of embolism. In rare 
instances the diagnosis may not be clear until manj* hours have elapsed. 

The probability that arterial spasm is responsible for the pain in embolism 
either directly or as a result of the ischemia it produces is so logical and fits so 
■well with recorded observations regarding suddenness of onset, severity, and the 
difficulty of localizing 'the pain that there appears to be a distinct cause and effect 
relationship. 

There are three important '‘don’ts" in the treatment of sudden arterial occlu- 
sion: Don’t delay treatment for more than two or three hours; don’t elevate the 
extremity; and don’t subject it to heat wliich exceeds by more than a few degrees the 
temperature of the body. Delayed treatment means a poor prospect of recovery in 
those instances in which recovery would not occur .spontaneously. Until the custom 
disappears entirely, it cannot be eiuidiasized too frequently' that tissue deprived of 
its normal blood supply does not tolerate heat well. Hot water bottles are frequentlv 
of a tenqjorature which exceeds 150° F. The extremity .‘should be placed in a de- 
pendent position. When the legs are involved the head of the bed should be elevated ; 
when the arms are involved, the patient should be in the semisitting position. Vaso- 
dilators should be given to relieve arterial spasm, if present. The use of intermittent 
negative and positive pressure has been very successful in some hands and should 
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be used if a machine is available. On the assumption that one of the chief requisites 
for a favorable outcome is the induction of collateral arteries to assume a heightened 
function of transportation of blood, spinal anesthesia may be tried when the lower 
cx-tremities are involved. Brachial plexus block may produce similar effects in the 
tipper extremities. General anesthesia may be used if the condition of the patient 
permits, for the stiine reason that .spinal anesthesia may be of value. S\-mpathectomy, 
lihewi.se, produces maximal vasodilation and is of value in sudden arterial occlusion, 
as sho'.vn experimentally, but ordinarily the condition of the patient does not warrant 
such a major operation. If the procedures outlined, exclusive of sympathectomy, do 
not produce a rapid improvement in the circulation, surgical removal of the clot 
should be considered when occlusion is due to an embolus. 

E. A. H. 

Allen, E. V., and Lauderdale, T. L.: Accidental Transmission of Thrombo- 

Angiitis Obliterans Prom Man to Man. Proc. Staff Meet., Jlaj'o Clin. 11; 611, 

1936. 

A surgeon, a Scotchman, forty-five j'cars old, who had been well except for 
pulmonary tuberculosis, had smoked forty cigarettes dail}' for twenty-five years. He 
had never had superficial phlebitis. Six montlis previously, while he was amputating 
the toe of a thirty-sbc-ycar-old man with thromboangiitis obliterans, a spicule of 
bone from the patient’s toe had accidentally pierced the flesh of the palmar sur- 
face of the third finger of his right hand. No local reaction occurred subsequently. 
One month later, color changes, consisting of cyanosis and pallor on exposure to cold 
and after wearing a rubber glove, had appeared on the third finger of the right 
hand, and three weeks later similar color changes had appeared on the fourth and 
fifth fingers of the .mme hand. Since then sj'mptoms had diminished gradually but 
had not di.«appeared entirely. 

Examination .six months after the accident disclosed evidence of jiulmonary 
tuberculosis, normal pulsations in the radial, ulnar, femoral, popliteal, dorsalis pedi.s, 
and po.sterior tibial arterie,«, reduction of temperature of the skin of the third, fourth, 
and fifth fingers of the right hand and markedly abnormal pallor of these fingers 
when the hand was elevated. Cervical rib could not be demonstrated by clinical or 
roentgenological examination. Thermometric studies revealed the temperature of the 
skin of the third, fourth, and fifth fingers of the right hand to be apxiroximately 30® 
C.. whereas that of the eorre.'-’ponding fingers of the loft hand was approximately 
C. Following the ingestion of 1 ounce (30 c.c.) of ethyl alcohol, the tempera- 
ture of the skin of the fingers of the right hand increased to 34° C. and that of 
tile corre.^ponding fingers of the left hand, to 36.5° C. A diagnosis of throinbo- 
angiitis obliterans involving digital arteries of the right hand was made. 

Raj-maud’s disen.^c w.as satisfactorDy e.xcludcd by the unilaterality of sjTnptom.s, 
pallor of the fingers on elevation, failure of arterial relaxation follotring the in- 
gestion of alcohol, and the sex of the patient. Boentgenologic evidence of cervical 
rib v.as lacking. The possibility of the coincidental development of thromboangiitis 
obliterans of the digital arteries without there being a cau.^e and effect relationship 
Lstweon the accident and the disease is almost cert.ainly excluded by evidence of 
primary development of an occlu.slvc arterial le.sion in the injured finger and the 
ab.^ence of arterial le.-^ion.s elsewhere in the body. There .‘-eems to be no other logical 
condusion than that the agent responsible for the occlusive arterial lesion in the 
dtgiitd artcne.s of the patient was carried to the third digit of the right hand on 
.h' ?x,if,u!e Oi. bone from the toe of a patient wlio had an occlu.sive arterial lesion. 


Autiiok. 
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Muller, A.: Mechanical Basis of the Eegulation of the Circulation. Schweiz, med. 

Wchnschr. 65: 339, 1935. 

An attempt is made to apply mathematical concepts of hydraulics to the prob- 
lems of the circulation. 

L. N. K. 

Hochrein, M., and Matthes, K.: Circulation in Sport. Arzt und Sport, No. 19, 

91, 1935. 

The authors analyze the circulatory regulation in sport activity in which short 
and protracted effort are involved. They emphasize the value of the electrocardio- 
gram in investigating the adequacy of the coronary circulation in such sport activities 
and of vital capacity measurements as an index of uneconomical blood distribution. 
Oxygen saturation determinations with Matthes method was also found to be valuable 
in determining how far the circulatory and respiratory adjustments met the work 
load of the exercise. The combination of these methods may be useful in determining 
weakness of the heart. 

L. N. K. 

Hartmann, H., Orskov, S. L., and Rein, H.: The Reaction of the Renal Vessels 

During the Course of Regulatory Events in the Systemic Circulation. Arch. f. 

d. ges. Physiol. 238: 239, 1936. 

By means of Rein’s thermoelectric stromuhr, the blood flow through one or both 
kidneys of dogs, or through one kidney and leg, and arterial pressure (femoral or 
carotid) were simultaneously recorded. The conclusions in each case based on nearly 
one hundred observations upon twenty-five dogs are direct. In general, it appears 
that the blood vessels of the kidney not only do not participate in systemic vascular 
reactions but vary in state of contraction to offset general reactions — that is to say, 
to maintain blood flow through the kidney constant in spite of changes in systemic 
pressure and flow. The blood flow through the kidney does not change (except per- 
haps for a small passive increase) when systemic blood pressure rises following 
closing of the carotid artery central to the carotid sinus, a pressor stimulus, but it 
decreases when a similar rise in systemic pressure is induced by inhalation of a mix- 
ture of gas containing 10 per cent carbon dioxide. Altliough the blood flow through 
the kidneys falls, naturally, on stimulation of the peripheral end of the vagus 
sufficient to stop the heartbeat temporarily, a compensatory dilatation of the renal 
vessels takes place which allows return of the blood flow to normal at a time when 
systemic pressure is still exceedingly low. Furthermore, if stimulation of the vagus 
is gentle, it can be inferred by various time relations that the compensatory renal 
vasodilatation is dependent upon the reduction in blood pressure and not upon 
stimulation of the vagus. It is shomi that fifty to one hundred times the dose 
of adrenalin necessary to elicit vasoconstriction in muscle and slcin is needed to con- 
strict the renal vessels to a degree sufficient to reduce the flow of blood. The 
increased sensitivity of the denervated kidney to adrenalin is demonstrated. The 
authors are inclined to believe that the increased sensitivit}’ is due to removal 
of a reflex vasodilatation. This view is suggested apparently because time rela- 
tions between change of systemic blood pressure and decrease in blood flow to the 
kidney coincide in the ennervated kidney but fail in the denervated one. It appears 
that vascular reactions peculiar to particular regions, such as the kidneys, exist. 
That blood flow through the kidney tends to remain constant in spite of systemic 
pressure and flow changes finds ready application to an understanding of the 
behavior of kidney function observed in the clinic. 


J. M. S. 
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McCombs, Eobert P., and McEIroy, James S.: Eeversible Autohemagglutination 

With Peripheral Vasctilar Symptoms. Arch. Int. Alcd. 59: 107, 1937. 

Five of these ]»atieiits had blueness of the iioripheral parts and numbness on 
exjiosnre to cold. Tlie authors present a case in which symptoms of peripheral 
vascular insufficiency appeared on exposure to cold and subsided on warming. 
Autohemagglutination in vitro occurred at 27° C. The authors believe that the 
symptoms are caused by intravaseular plugging resulting from agglutinated cells. 
The evidence for this is that local lieat relieved symptoms promptly but heat 
applied elsewhere to the body failed to relieve symptoms in the afTcctcd limb or to 
raise .shin temperature. The arms were immensed in water at 4.3.3° C., and the 
temperature of the skin in the lower extremities was recorded. Apparently they 
wanned the arms for only twenty minutes; a longer y)eriod would make the evidence 
even more convincing. 

II. M. 

Vires, J., May, P., and Balmis, J.: Concerning a Case of Erythromelalgia, Arch. 

Soc. sc. med. et biol. 17: 40S, 1930. 

In the right arm and hand of a fifty-nine-year-old miner attacks of pain, redness, 
and tingling increased by warmth and by hanging down had been occurring for 
about three weeks. The authors state that the red blotchy appearance during an 
attack and the manner in which the attacks occurred were verj" similar to the di.scasc 
de.scribed by Weir Mitchell. X-ray photographs .showed a destructive lesion of 
the cervical vertebrae and some of the disks with exostoses. These lesions were 
thought therefore to be due to chronic arthritis for which roentgen therapy of the 
shoulder region was given. Following treatment the whole syndrome disappeared. 
They attributed the symptoms therefore to irritation of the cervical sjunpathetic 
nerves and con.=equcnt vasomotor disturbance.®. 

.T. M. S. 


Errata 


In the article, “Heart Disea.so in Children,” by Irving R. Roth, M.D., Claire 
Lingg, M.A., ajid Alice Whittomorc, A.B., Xew York, N. Y., which appeared in the 
.Tanuary i.'-sue of the .loruxAn, on page .52, line 3, the .sentence should read, “Among 
tlie 1-19 fir.'-t recurrences (Fig. 10.4) polyarthriti.s was present, alone or combined’, in 
(4 per cent (110 case.®)' instead of, ’‘.\niong the 94 second recurrences. ...” 

Also in line 5 of the footnote on page 38 the name “Mrs. Henry F. Glazer” should 
be “Mrs. Henry F. Glazier.” 
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Original Communications 

AN ORTHODIAGRAPHIC STUDY OF 291 COLLEGE STUDENTS 
WHO SHOWED NO EVIDENCE OP HEART DISEASE^' 

Joseph Edeiken, M.D., and Francis Clark Wood, M.D. 

Philadelphia, Pa. 

T he material comprisiug this study consists of the orthodia grams 
of 291 male college students between the ages of sixteen and 
twenty-six jmars, in whom history, plij’^sical examination, and electro- 
cardiographic study showed no evidence of heart disease. Two hundred 
ninety-nine individuals were examined, but eight were excluded : four, 
because a tendency to faint precluded accurate orthodiagraphy; and 
four, because they were found to have heart disease: one showed a 
congenital lesion, and three had aortic insufficiency. This paper con- 
tains a presentation of figures obtained for the various orthodiagraphic 
measurements in this group ; a comparison of them with the generally 
accepted standards of Eyster and Hodges,^ a description of the devia- 
tions from these standards which were encountered, and a discussion 
of the adequacy of the orthodiagraphic method for determining patho- 
logical cardiac enlargement. 

Orthodiagrams were made by the usual technic. They were all done 
by one of us (J. E.). After completing the upper and lower borders, 
the area of the .silhouette was measured by planimeter. The transverse 
diameter, eardiothoraeic ratio, and anteroposterior diameter were also 
determined. 

Cardiac area was measured in 290 cases! (Pig. 1). In 227 (78.3 per 
cent) the area was 5 per cent or more below the predicted value. In 
172 (59.3 per cent) it was 10 per cent or more below the predicted 
value. The smallest heart was 28.3 per cent below the predicted 
figure. On the other hand, only nine students (3.1 xier cent) had 

*Prom the Edward B. Robinette Foundation, Sledical Clinic, Hospital of the 
University of Pennsylvania, and from the Department of Student Health, Universitv 
of Pennsylvania. ' ‘ 

. tin one case predicted values wei'e not calculated because height and weight 
were not obtained. ^ 
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cardiac areas 5 per cent or more above tlie predicted value and only 
four slioved cardiac areas 10 per cent or more above. The largest area 
v.-as 13.3 per cent above the predicted figure. 

Transverse diameter v'as mea.sured in 290 cases^' (Pig. 2). In 136 
(46.8 per cent) the diametei-s vere 0.5 cm. or more below the predicted 
values. In 39 (13.4 per cent) the transverse diameters were 0.5 cm. 
or more above the predicted values. In the latter group 27 cases ex- 
eeeded the predicted figures by from 0.5 cm. to 0.9 cm. Nine exceeded 
it by from 1 cm. to 1.3 cm. Three students showed transverse diame- 
ters which were 1.6 cm., 2 cm., and 2.2 em. above the predicted figures. 
In each of the three, the heart was markedly transverse in position. 



-30', -xsr. -jor. -/o^ sr. <5 '3'S '-•oS tisf. 

Com pan son ot ac.tuaJ and pred icted arecLS 


FIp. 1. 

Cardiothoracic ratio was determined in 290 casesf (Pig, 3). With 
the exception of a single student whose ratio was 0.6 the range of 
variation was 0.37 to 0.53. An examination of the distribution curve 
.sliow.s flic vast majority to be in tlie neighborliood of 0.45. In 247 
(85.3 ])er cent) the cardiothoracic ratios were between 0.40 and 0.50; 
24 (S.3 per cent) showed ratios .slightly above, and 18 (G.2 per cent), 
.‘^lightly below these figui'es. 

The anteropostenor diameter of the heart was measured in 269 eases, 
the range of variation being from 45 per cent to 93 per cent of the 
ti-aiisvc fse diameter (Pig, 4). In mo.st eases the anteroposterior diam- 

•In oni' VMSiti prc.-lict'd vrtlufs w<-rc liot o.ilciil.'itr-d hclclit nnrl wf-ItOit 

tin one oth<;r case tho left margin of chc.^t was not 
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eter was measured by a line joining the foremost point of the heart 
with the most posterior point. This line was usuallj’’ horizontal or 
slightly diagonal. In some eases, however, in which the angle between 



Figr. 2. 



Fie. 3. 


this line and the vertical was acute, the anteroposterior diameter was 
measured in the same manner as the transverse diameter- a vertical 
line was drawn midway between the spine and sternum and the antero 
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posterior diameter considered the .sum of the ^n-eatest distances Avliicli 
the heart shado"\v extended in either direction from this line. In 82.G 
per cent of the cases, the anteroposterior diameter measured bet\veen 
60 per cent and 85 per cent of the transver.se diameter. Tliese fi'jure.s 
are in ajrreement witii those of Eoesler,- "which .showed 91.3 per cent 
of eases with an anteroposterior diameter helween 62.5 per cent and 
85 per cent of the transverse diameter. Ilis group included iioth sexes 
and a Avider age group. 

DISCi;S.SIOH 

Tlie two principal roentgenological .signs of a cardiac lesion arc 
cardiac eidargement and an abnormal sba})e of the cardio-aortic 
shadOAV. Our studies prompt the folloAA'ing comments upon them: 

A. Conccnmuj Cardiac Enlargement. — (1) The predicted normal 
figures of Hodges and Eyster may be too high for young men in this 



age group, and the normal variation alloAved on either side may be 
{oo juirroAA'. An examination of the distribution curve for cardiac area 
(Fig. 1) 'iliows that the majority of the.se subjects fall to the left of 
the Ipic Aviucli marks the predicted value. If this line were moA'ed 10 
per cent to the left, it Avould fall more nearly in the center of the 
distribution curve. If, in addition, the range of normal variation ivere 
i‘onsiiU‘red 15 per cent in either direction, instead of 10 per cent, 272 
cases (93.8 per edit) would fall ivitliin normal limits, 9 (3.1 per cent) 
would fall above, and the same number slightly belov.'. Study of the 
(list ribiii ion curve for tran.sverse diameter (Pig- 2) shoivs that the 
niajfirity of our ca.ses liave a transverse diameter which is below the 
predicted figure. If the line of predicted normal were moved 0.5 cm. 
to the icfi juul if the normal range on either side were considered to 
he 1 ctn. mstead of 0.5 cm., the prediction figures would coincide more 
nearly with Avhat seems to us correct for our grouji. (2) In this group 
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of students wlien one orthodiagrapliic measurement tended to be above 
normal, its implication was usuallj^ iieutralized by another measure- 
ment.- For instance, tliirt 3 ’'-eiglit of tliirtjMiine cases Avitli a transverse 
diameter 0.5 cm. or more above the predicted figure, had a cardio- 
thoracic ratio of 0.53 or less. Furthermore, eight of nine subjects with 
a frontal silhouette area 5 per cent or more above the predicted figure 
had an anteroposterior diameter which was only from 48 per cent to 
71 per cent of the transverse diameter. 



Pig-. 5. — Showing the various lieart shapes encountered in 291 college students 
without evidence of cardiovascular disease. The heights and weights of the dif- 
ferent individuals are as follows: (A) 68 inches, 127 pounds; (B) 66’^ inches, 
130 pounds; (O) 66 inches, 122 pounds; (D) 70 inches, 138 pounds ; (A?) 69 inches, 
148 pounds; (P) 70’y4 Inches, 124 pounds; (G) 70 inches, 130 pounds; (H) 68 
inches, 145 pounds; (I) 70% inches, 192 pounds. 


B. Concerning Abnormal Shape of the Carclio-Aortic Shadoiv . — 
Figure 5 shows the imrious tjTies of silhouettes which were observed. 
Physique, height of diaphragm, shape of chest, and deformities of the 
spine influence the shape of the cardio-aortie shadow. Slight degrees 
of scoliosis are encountered rather frequentl 3 ^ Right scoliosis may 
produce the so-called mitral configuration. It may also make the aortic 
knob more readily visible by removing the spine from the background. 
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Loft scoliosis iway cause the supra cardiac shadow to appear widened 
since it displaces the descending aorta to the left. Rotation of the 
patient to tlie left in right scoliosis and to the right in left scoliosis 
tends in most cases to correct the picture and may show the heart to 
be of noi-mal shape. The descending aorta was %dsualized in certain 
of our subjects. Consequently this finding should not be interpreted 
routinely as indicating arteriosclero.sis. 

Our observations upon this group of 291 normal students^ as well as 
upon patients with heart disease, make it clear that no rigid roent- 
genological criteria can be relied upon to determine the presence or 
absence of heart disease. It is the practice in this clinic to make use 
of various measurements: the area of the silhouette, the transverse 
diameter, the cardiothoracic ratio and the anteroposterior diameter. 
The shape of the heart is also taken into consideration. Any one of 
these when used alone may be misleading. Together they give a wrong 
impression less often. In many instances the presence or absence bf 
pathological cardiac enlargement cannot be determined on the basis 
of x-ray measurements of the heart alone. Furthermore, the diagnosis 
of heart disease, based upon some abnormality of shape, such as the 
so-called “mitral configuration," may in certain cases be misleading. 

There were thirty-eight cases in which the frontal area of the sil- 
houette was small (20 per cent or more below the predicted figure). 
In all but four of these, the anteroposterior diameter was of medium 
length or less (below 85 per cent of the transverse diameter). In this 
group of cases, therefore, a heart with a .small frontal area tended to 
be small in all its dimensions. 

In 1931 we saw two students with unusually large hearts in whom 
no evidence of heart disease was demonstrated. Both subjects had 
marked bradycardia. j\foreover, many patients with tachyeai'dia and 
the effort s 3 'ndrome, without definite signs of heart disease, have been 
found to have small hearts. These observations have led us to study 
our present group to see whether it supports the belief that, in a group 
of normal subjects, unusualh' small hearts are often associated with 
tach.vcardia, and uniisuall.v large hearts with bradycardia. The major 
difiicully is that, for the heart rate, we used the figure obtained from 
an electrocardiogram taken after the completion of the orthodiagram. 
The figures are as follows. A. The small heart and tachycardia: 
Thirt.v-eight of 291 had small hearts (i.e., the cai’diae area was 20 per 
cent or more below the predicted figure). Of these 38, 4 had a heart 
]-ate of over 110, and 2 had a heart rate of between 100 and 110. To 
approach the question from another direction, 16 of 291 had a heart 
rate of over 110, and 4 of these had .small hearts. Twent 3 '-five of 291 
had heart rates of between 100 and 110, and 2 of these had small hearts. 
Sixteen of 291 had heart rates of 60 or les.s, and none of these had 
small hearts. B. The large heart and brad 3 'cardia: None of the cases 
in our grouj) showed really large hearts. The four largest showed 
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silliouette areas between 10 x>er eent and 13.3 per cent above the pre- 
dicted figure. Tliree of the 4 bad heart rates between 60 and 70 ; tbe 
fonrtli bad a rate of 75. Tims, onr data seem to suggest some rela- 
tionship between tbe extremes of heart size and the extremes of heart 
rate, but the}' are not very conclusive, 

SUMMARY 

1.- Ortbodiagrams were made in 291 male students between tbe ages 
of sixteen and twenty-six 3 'ears, with no evidence of cardiovascular 
disease. 

- 2. Tbe measurements suggest that tbe predicted figures of Ej'ster 
and Hodges maj* be too high for young male adults : that tbe predicted 
area is approximatelj’' 10 per eent too high, and tbe predicted trans- 
verse diameter 0.5 cm. too long. 

3. Hearts which were small in tbe frontal plane frequently’’ bad a 
small anteroposterior diameter. 

4. Tbe shape of tbe heart varied greatl 3 ^ It was influenced by' (a) 
physique, (b) height of diaphragm, (c) shape of chest, and (d) spinal 
deformity. In tbe vertical or ptotic heart tbe region of tbe pulmonary 
arteiy was frequently prominent. When combined with a straight left 
border, it sometimes simulated a “mitral heart.” 

5. In many' cases tbe shadow of tbe proximal portion of tbe descend- 
ing aorta could be seen above tbe heart. 

6. Bleasurements of tbe heart size as well as empirical determina- 
tions of cardiac shape should be iuteiqjreted with a kno%yledge of their 
limitations. In many instances the presence or absence of pathological 
enlargement of the heart cannot be determined on the basis of x-ray 
measurements alone. 

7. In patients without demonstrable cardiac disease there may be an 
association between the small heart and tachy’-cardia on one hand, and 
between the large heart and brady^cardia on the other. However, our 
data do not supply- convincing evidence upon this question. 
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a AUDI AC PSYCHOSIS AND THE SlC\rPT02^r OF ANXIETY* 

JosKpir ^Yonxisj M.D. 

New York, N, Y. 

I T HAS been kno^ra for a long time tliat patients with heart failure 
may develop a psychosis from which they recover if the heart failure 
is relieved. As early as 1806 Napoleon’s physician, Corvisart, described 
the main features of cardiac psychosis: depression, restlessness and irri- 
tability, rising in some cases to excitement with confusion, and con- 
tinuous anxiety. About two years ago we had the opportunity of observ- 
ing a number of such cases at Belle\uie; we .shall liere describe some of 
the mental changes tliat were found and i-elate them as far as possible 
to the course and nature of the disease. 


A TYPICAE CASE HISTORY 


G. M., a Eixty-one-ycar-old man with sign.s of congestive heart failure, was tran.=- 
f erred from a medical ward to the psychiatric service because of unmanageable ex- 
citement and delusions. “I heard fellow.s over there talking of .“hooting,*' he said, 
“and a raid was made the other night. The beds were moved Jiround. TJic nurse 
tried to give me some medicine but that man there knocked it down and drank it 
liiin.^elf. They got mean witli me." ‘*1 was very much alarmed," he said next 
day. “You know the priest came over to .see me. ... I don't know exactly why, 
but I felt intimidated. I did feel frightened, ^Vllether I should have reason for 
feeling frightened, I don't remember now, Thi.s nur.se, instead of handing me the 
medicine, gave it to some man, and he drank it, and thi.s nurse laughed in the most 
sneering manner. But I was careful not to make any move, .so that they wouldn't 
think me in.sane. Tliat man Jack over there — a porter or .“oinething — had the mo.st 
brutal manner, and tried to intimidate me. It looked like an armed protection; there 
were people there with gun.«. There was an old man walking up and down in front 
of me, and he told mo, if I wanted to get out, it had better be now. Last night 
.“trange things happened, and I don't know whether it was imagination or not, but 
thi.s mail in the bed beside me kept jumping up and looking out of the window. 
Hi.= throat wb.s cut and gashed. . . ," 

This patient wa.s talkative and extremely' circumstantial during examination, and 
at timc.s incoherent, lie looked very frightened, 'fhe per.secutory dehi.sions and 
halhicinatjons were vividly described, but only vaguely systematized, and had the 
quality of nightmares. He appeared weak and admitted feeling frightened, but he 
rested quietly in bed during the examination. The patient at this time was breath- 
less while at re.st, orthopneic, and .“lightly cyanotic. Tlie teleroentgenogram showed 
an enlarged heart. The first .sound at the apex was of jiDor quality, and the second 
aortic sound was accentuated. The rhythm was regular: the rate was .S8. There 
w-i>re no murmur.s. There were moist r:ile.« at the base.“ of both lungs. The liver was 
enlarged to two fmgerbreadths below the co.stal margin. There wa.s a moderate 
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edema of the extremities, and the blood pressure was usually about 180/90. There 
was moderate sclerosis of the radial arteries. There was also a liistory of an attack 
of polyarthritis at the age of seven j^ears, but the physical findings on the whole 
pointed to hypertension as the cause of the heart disease. 

With bed rest and digitalis the patient showed steady improvement within the 
next week. There were often restlessness at night and paroxj’-smal dyspnea, some- 
times of marked severity, but at the end of two weeks the patient was up and 
about and was no longer confused. He was fairly lucid in his speech and amiable 
in manner and no longer had delusions. Though lie wns still inclined to ramble, 
he gave the following account of the psychotic episode : 

^'Everything was like a dream,-’’ he said; “1 imagined people were against me 
and w'ere walking about in a sort of gang and acting mean to me. I remember very 
clearly the incidents that happened — how they stood together in a corner of the 
ward, and how somebody came over to my bed and dranlc my medicine. When I 
came here, I thought people were in the gang against me, too. I remember looking 
at the nurse and thinking she was a pleasant person — not the kind you would expect 
to be in a gang, and I thought there must be something wrong. I was suspicious of 
you and the other doctor. IWien you asked if I saw things I said no, because I 
thought it would be used against me. I feel recovered now. ’ ’ 

Since the patient showed further plij^sical and mental improvement during the next 
ten days, he was finallj’’ discharged about a month after admission, still some- 
what dyspneic, but with no signs of a psychosis. 

Three months later the patient returned, again ver}^ dyspneic and orthopneic, with 
pulmonary congestion and an enlarged liver, and again he was psychotic. "I was 
courteous as I always am,” he declared, "but they have been treating me out- 
rageously . . . one of those patients was smoking a pipe, and I could tell it was 
opium. He lied deliberately about me and had an insulting manner. ...” The 
patient was reported to have threatened another patient with a razor. He was again 
tense and excited, anxious and depressed, but lie again responded favorably to treat- 
ment and in a month was again discharged, this time to the medical service of 
Bellevue Hospital. Less than two years later the patient died. 

COMMENT 

The frequency with which this clinical picture appeared in cases of 
cardiac psychosis was striking. One could indeed often suspect the 
presence of heart failure, merely by talking to the patient and watching 
him. The breathlessness and weakness, the feeble restlessness, the pallor 
or cjmnosis, the tense, pained look and active eyes, the rambling, low 
pitched, plaintive and often incoherent speech, were all typical. These 
patients were unable to answer questions to the iioint; they talked too 
much and roundabout, complainingly or with an air of indignation. 
They showed a peculiar responsiveness to distracting details in the sur- 
roundings, and it was not easy to hold the patient’s attention in exami- 
nation. The patient might be at once somnolent and hyperacute, lying 
with half closed eyes, but starting at the least interruption. Many com- 
plained of inability to sleep, or of bad dreams or dreamlike hallucina- 
tions, they were often not quite sure which. We shall later investigate 
these smnptoms more carefully. 

In the course of further observation it appeared that the mental S3'mp- 
toms most frequently seen were confusion, anxiety and persecutor}^ de- 
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especially prominent. The mental changes, however, were more or less 
chronic, and the mental picture did not change markedly with the 
fluctuations in the cardiac reserve. Many of these cases were undoubt-' 
edly senile psychoses in which the heart disease was merely a contribut- 
ing factor. 

About one-third (thirty-seven subjects) had other significant com- 
plications which could in themselves explain the psychosis. Of these, 
thirteen were hemiplegic or aphasic, and twelve were alcoholic. Two 
cases were complicated by pneumonia, while carcinoma and diabetes 
occurred in each of two other subjects. One patient had an unexplained 
temperature of 103° F. In four cases there were liistories of chronic 
psychosis; two classified as schizophrenia, one as psychopathic personal- 
ity, and one as manic-depressive ps.vehosis."^ One patient was excluded 
because the psychosis followed parturition, and in another case the pa- 
tient died before he was adequatel}' examined. A ease of hyperthju’oid- 
ism was also excluded. 

In many of tliese sulijects the psj^ehosis maj^ liave been Avholly or 
partly due to the heart failure, but for the purpose of this study it was 
thought best to eliminate them, so that a final group of only twenty-six 
subjects remained, all of whom were relatively uncomplicated cases of 
congestive heart failure. One must saj' relatively, because there is prob- 
ably no really uncomplicated case of heart failure. There are for ex- 
ample always the etiologie factors to consider: hj’pertension, arterio- 
sclerosis, rheumatism, syphilis, and chronic pulmonary emphysema ; and 
these etiological agents are all likely to alfect the function of organs 
other than the heart. “Wlienever there was no evidence of a central 
nervous system lesion, however, and no indication of a psychosis preced- 
ing the onset of heart failure, and when, moreover, the patient was less 
than sixty-five years of age and had no other complications likelj’- to 
produce mental sjnnptoms, the subject was included in this study. In 
a few of these subjects there was some evidence of kidney damage, sub- 
febrile temperature, or a mild degree of anemia, and in one case there 
was a cystitis. It may be that these complications contributed to the 
development of the psychosis, but where they appeared relatively unim- 
portant, the cases were included. It is noteworthy in any case that the 
age level of the series is so high, but it appeared in the course of the 
studj'- that the clinical picture of cardiac psychosis in a young individ- 
ual with uncomplicated rheumatic carditis did not differ in essentials 
from others in the group. 

The findings in the remaining cases are recorded in Table II. 

By reference to the table one can see that cardiac psychosis is char- 
acterized mainly by confusion, delusions of persecution, and anxiety. 

*In two instances the presence of complications was discovered onlv after the orig- 
inal period of observation, by reference to State Hospital records. 'One was a case 
of chronic alcoholism, the other of long--standing- manic-depressive epi.sodes. In both 
cases tlie oi-lginar diagmosis of cardiac psychosis was incorrect. Botli patients recovered 
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This tabulation of symptoms, however, has only a qualified significance. 
Patients who are mereh’ somnolent and comatose are not as often sent 
to psychiatric hospitals as those who are excited and unmanageable, and 
the latter are more than likely to show symptoms of anxiety. With due 
allowance for this qualification, however, the prevalence of anxiety, con- 
fusion, and persecutory delusions in these cases is, nevertheless, striking. 
It will be instructive to compare these results with the findings of other 
authors. 

ON THE HISTORY OF CARDIAC PSYCHOSIS 

The early account of Corvisart has already been mentioned. There 
is a typical case discussed in Corvisart ’s hook. In 1818 Nasse wrote of 
the prominence of anxiety in cardiac psychosis as of a well-lmown fact ; 
but even Corvisart and Nasse appear to have had their predecessors. 
There are references in the writing of IMorgagni and of Antonio 
Cuiseppi Testa on the relation of the heart to madness,^" but the litera- 
ture grows less reliable the farther back it goes. Thus Pliny and 
Valerius Maximus reported the presence of a “cor hirsutium,” “hairy 
heart ’ ’ or heart with vegetations, in the klessenian Aristomenes, who had 
alone slain three hundred Lacedaemonians before he died, but this seems 
to be incompatible with our observations on the cardiac reserve of pa- 
tients with psychosis. 

The literature of the last century was much concerned with the rela- 
tions between heart and brain, but both the observations and specula- 
tions reflect the spirit of an oversimplified materialism, and there was an 
undue emphasis on the presence of heart murmurs among the insane or 
of heart lesions at autopsies. The popular association of the heart with 
the emotions no doubt prepared the way for the promulgation of the 
theories. One finds, however, descriptions of unmistakable cases of 
cardiac psychosis in the early literature. Thus Stosch in 1836 gave an 
excellent description of a typical case, with the heart lesion confirmed 
by autopsj’’; the psychosis was marked by confusion, anxiety, and cir- 
cumstantialitjq whereby the patient “spoke continually and with excite- 
ment of the most trivial things. ’ ’ 

Unfortunately, few authors limited their observations to psychoses 
associated with actual heart failure. Saucerottc in 1843 on the basis of 
seven observations (of which at least two were incorrectly diagnosed) 
was the first to relate definitely the mental changes to “cardiac crisis.” 
Bergmann in 1844 wrote of “metatastic mania proceeding from the 
heart.” Later a considerable number of cases were described. Mildner 
(1857) appears to have originated tlie unfounded theory that mitral 
disease produces depression and aortic disease excitement, and Zielil 
in 1854 gaA'e a vivid descriiition of a patient with persecutory delu- 

*In the sixteenth century. Amatus Lusitami-s -wrote on the relation of the heart to 
madness : later Daniel Sennert, Wepfei-, Severinus, Greding, Lieutaud. wniliam Cruik- 
shank, and Soemmering- all -^vrote of the influence of the heart on the brain, or 
described cardiac lesions in tlie insane. 
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sions ^vlio had attempted suicide “with an expression of the most 
awfid anxiety on his face.*' An admirable detailed description of 
a similar case by Silberniek of Wiirzburg appeared in 1875. In Italy 
in 1869 Gol"i reported a number of typical cases. In 1882 Lombroso 
declared that no alienist could any longer doubt the important influ- 
ence of heart disease in provoking mental disorders, D ’Astros (1881) 
revived IMildner’s theoiy, called attention to the terrifying nocturnal 
hallucinations and emphasized the grave prognosis. The French litera- 
ture of this period abounds in t 3 ^pieal case histories. 

In America in 1884, a Dr. Alice Bennett undeilook to discover the 
incidence of heart disease among the iu.sane and examined five hundred 
inmates of a women’s as.vlum. She found forty cases of what slie con- 
sidered to be true cardiac p.sychosis and reported them. “I must a.sk 
your forbearance if these prove somewhat monotonous,” she wrote, “for 
it is largely in this veiy fact that their intere.st resides.” It appeared 
that the “form of mania with Avhich heart disease was mo.st constanth' 
associated was that characterized in its beginning bj* hallucinations of 
hearing with fixed delusions of persecution and a maiiia of suspicion.” 

l\Iiekle (1888) in tlie coxirse of an elaborate .studj’’ of heart disease 
a.ssociatcd with insanit.v cited the case of a porter in his own emploj' 
who died of rheumatic heart disease and who had developed a paranoid 
ps.vchosis as tiie heart failure progre.ssed. 

Benjamin Ball of Paris vTote an excellent short account of cardiac 
p.s.vehosis with case reports in 1890, and descriptions of tj’^pical cases 
arc found in papers b.v Armaingaud (1878), Duplaix (1882), Faueon- 
neau (1890), Eichhonst (1898) and Telgmann (1899). Heniy Head as 
a young house physician (1901) observed the occurrence of the sjmptom 
of fear among cardiacs and concluded that “there is no doubt that a 
state of fear can exist in which there is no fear of any particular object 
. . . but it is usually so closel.v mixed up with hallucinations or other 
manifestations that it becomes jjeculiarh’^ difficult to investigate.” 

House (1905) classified the different kinds of mental change a.ssoeiated 
witli heart disease. He emphasized “the state of fear or api>rehensions, 
usually accompanied ly more or less panic.” “It will be found,” he 
concluded, “that the sj'inptom of fear is commonlj' found in all the sub- 
divisions and classes.” In a valuable .sludj' Dueros (1906) came to the 
.same eonclusiou; cardiac ])atient.s ai-c easih' frightened and tend to 
develop delusions of persecution. 

In 1909 Alfons Jakob wrote the most comprehensive stud.v of eireula- 
torv psychosis that had .vet appeared, founded on ])ei\sonal observations, 
and interpreted with caution and keen insight. Bonhoeffer (1910), the 
German authoril.v on s\'mptomatic ps,vchose,s, did not at finst recognize 
ain' specific features in cardiac ps.vchosis but later acknowledged the 
prevalence ol anxiety and reported its presence in nine out of twelve 
ease.s. 
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J. I. Prance (1915) recognized the prevalence of anxiety in cardiac 
patients, and declared that this “emotional state, arising from a mechan- 
ical difficulty, resembles closely that arising from a psychic state, and 
the emotional state so caused may either remain vague and unexplained, 
or there may be induced hallucinations and delusions to explain it. ’ ’ 

There have been other papers and case reports by Leendertz (1908) 
and Bolten (1930) in Holland; S. Wasseruiaii of Vienna (1921) ; Ries- 
man (1921), Hamburger (1923), Viko (1926) and Morris (1931) in 
America; Arsimoles (1910) and Ureehia (1932) in Prance; and Massmi 
(1924) and Jaquet (1922) in Switzerland; Targowla (1923), Leyser 
(1924), G-. E. Storring (1934), Engel and Mentzinger (1934) in Ger- 
manjy; Castex and Vivaldo (1917) in the Argentine. The clinical pic- 
tures are almost invariably the same; confusion and anxiety, with de- 
lusions of persecution. Some other studies concerned with pathogenesis 
need not be mentioned here. 

Some recent authors have put considerable emphasis on psychological 
factors and on the prepsychotic history. The vicAV put forward in this 
paper is that the delusions of persecution are not essentially psycholog- 
ical in origin, but develop from tlie organic sjunptom of anxiety, and 
that the individual history of the patient is of no fundamental impor- 
tance in the genesis of the anxiety. IVe are indebted to Freud for the 
recognition of this mechanism in the anxiety neuroses. In a remark- 
able essay written forty years ago he declared that the anxiety neurosis 
develops from a subjective state of physical tension; “the anxiety neuro- 
sis,” he said, “has no psychic mechanism, but invariably influences the 
psjmhie life, so that anxious expectation, fears, and hj-persensitivity to 
pain are among its many symptoms. ’ What follows is an application 
of this theory toward the understanding of cardiac psychosis. 

DISCUSSION OF THE SYMPTOMS 

Confusion and Anxiety . — The two key symptoms of cardiac psj^chosis 
seem to me to be the confusion and the anxiety. 

Practically all of the patients showed varying degrees of confusion, 
especially at iiigM. In the severe cases they appeared to be unable to 
orient themselves, or even to make accurate perceptions. In the milder 
eases they were unable to integrate their perceptions into orderly pat- 
terns.! The talk of these patients sounded fragmentary and it was very 
often difficult to grasp connections. The sensory misinterpretations (hal- 

*Freua ; "Ober die Berechtigung’ von der Neurasthenie einen Symptoinencomplex 
als ‘Angstneurose' abzutrennen” (1S95). Ges. Schriftem I, p. 306. We shall not liere 
discuss the particular factors to iivhicli Freud attributed the state of anxiety in his 
cases ; a state of anxiety can be induced in more than one '^vay. 

tAccording to this description, the confusion does not differ in essentials from 
what is sometimes called dissociation. I find it difficult to distinguish sharply between 
the two. Perhaps the underlying organic cause is the same, dissociation being but a 
milder and more chronic type of confusion. For a valuable discussion of confusion, 

. see Hartmann and Schilder; Zur Klinlk und Psychologic- der Amentia. Zentr. f. d. g. 
Neurol u. Psychiat 35: 356, 1924. 



404 


THE AMERICAN HEART JOURNAL 


hicinations) and the false integrations (delusions) are thus closely re- 
lated, and appear to have their common cause in some organic disturb- 
ance of the brain itself. 

Twenty of twenty-six cases (77 per cent) showed clear evidence of 
anxiety, but the actual incidence is probably higher, and in none of the 
cases tabulated as negative could it be said that anxiety was actually 
absent. Anxiety, especially when a.ssoeiated Avith confusion, is a less 
striking symptom than a delusion and Avas therefore not ahvays noted 
in the liistorics. IMore stoic patients could conceal their fear, even AA^hilc 
admitting delusions of persecution, and in other eases the anxiety Avas 
inconstant. Some patients AA-ere at times in a state of mere anxious ex- 
pectancy: tliey Avere not frightened, but they easily could be. One 
Avoman patient, for example, grcAV very frightened Avhile the .syringe Avas 
being prepared for a blood specimen and all but fainted Avhen the 
specimen Avas taken. Other patients Avill jum]) at tlie sound of a clo.sing 
door, or start Avhen another patient moves his arm. They are hyper- 
acute, or hypcrre-sponsiA’c, and ordinary sensations or cA'cnts take on the 
Iiroportions of a threat to tliem.® It is this Avhich explains their dis- 
tractibility. We are obliged to conclude tliat in cardiac psychosis the 
patients are not only friglitened, but their susceptibility to fright is 
very much increased. 

One may at first attribute the anxiety of the patients to their knoAA’l- 
edge that they are seriouslj’ ill, or to the presence of hallucinations or 
delusions, but it is remarkable and significant- tliat many of the most ap- 
])rchcnsive patients did not realize that they Averc ill, and in manj’’ eases 
the anxiety Avas jiresent Avliile there Avere no delusions. t “I .just feel 
frightened,” a patient Avill say, “but I don’t knoAV Avhy.” The appear- 
ance and disappearance of tlie anxiety Avith the corre.sponding signs of 
heart failure indicated tliat the anxiety in 1hc.se cases deriA'ed from a 
body .state somchoAV iiiAmlvcd in the jn'oeess of heart failure. 

The Delusions of Pcrsccuiion. — Twenty-tliree of tlie tAA'cnty-six sub- 
jects (89 per cent) had delusions of persecution. J 

Patients Avith cardiac p.sychosis usually haA’c hallucinations, e.specially 
at night, but these are generally A'ague and unorganized, and are easily 
forgotten. Patients often .say, “It may ha\'e been a dream,” and the 
hallucinations do in fact haA'c dreamlike rpialities: .shadowy figures out- 
side the window, chloroform under the bed, sih'er-colored figures on the 
ceiling, and the like. When imaginary sen.sations, or misinterpretations, 


woman In terminal <;ur..li!i'; tlellrum wlio mistook 
t .n ft,; '1 ."'hoclbarrov.' for u torrIWe thunriorstorni. and the HOtind of a water 
tap for the splaahlnt,' of a hUKC waterfall. 

aatienl h: frlchtcnod by Ids own deUmions, as Grandou.sler 
'»'"''istrons child Oargantua, is scUictive. bocaiiKe It .‘ieems to 
1 4 ran to attribute the potlent’.s fright to 

Athij afe the aue-tion. AVc would still have to ask: 

Acini ’ deluslonh of pcr,secutlon have been found to occur In 20 
cases of ni-inic-depressivc i>«ycho.«ip, and T.C, per cent of eiisoa of schlzo- 

ru.Vri' Jlavmonl: A .Statistical .Study of Manic- 
pE« IVi cho.«^^^ Am. J. II: ill, 1.033. ^ 
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are elaborated into more of a story, we speak of delusions. We must 
no^Y ask ourselves: In what way does the sensation of anxiet}*' con- 
tribute to the content of these delusions? 

A simple answer suggests itself ; The delusions, if they are to be com- 
patible with the sensation of anxiety, must be threatening; they must, 
in other words, become delusions of persecution. A patient, for example, 
would develop a fear amounting to panic when one approached with a 
syringe for a blood specimen. If the patient happened not to be very 
confused at the time, he would say, “I feel afraid of the needle.” If 
he was confused, he might mistake the syringe for a gun, and the doctor 
for a soldier. The result is a delusion of persecution. I think there- 
fore that tlie delusions of persecution in these cases were a joint product 
of the anxiety and the confusion. 

Anxiety is properly described as fear without a clearly conceived 
object. In contrast to ordinary fear it has at first no adequate motiva- 
tion, and the conscious mind attempts to find it one.* One might say 
that the delusions of persecution were an attempt of tlie patient to ex- 
plain liis anxietj'’ to himself. That Ins explanation was so absurd was 
due in turn to the element of confusion. Many patients were lucid 
but apprehensive during tlie day, but definitely confused at night: it 
was only during the night that these patients had real persecutor}’- de- 
lusions. Occasional!}’' a patient shows evidence of anxiety uathout con- 
fusion and without persecutory delusions, but with the relatively reason- 
able and justifiable fear of dying. If tlie anxiety were more constant 
and chronic and the confusion less pronounced, perhaps the setting for 
a clu'onic systematized paranoia would be complete. The lack of sys- 
tematization in cardiac psycliosis points to tlie relative acuteness of the 
mental changes. 

Unmotivated depression is familiar to everybod}’-, but the existence of 
unmotivated anxiety is less widely recognized. Except that we are deal- 
ing witli a different mood, the mechanism described here is, however, 
essentially the same as that found in a depression : as long as the higher 
levels of consciousness or integration are intact, the patient will provide 
an apparently reasonable explanation for his mood; when the higher 
functions are disturbed as well, as they are for example in general 
paresis, delusions may merge with the depression to produce, let us say, 
absurd hypochondriacal complaints. One cannot, in other words, think 
a mood — one can only think a thought, but the nature of the thought 
will be more or less dependent on the underlying mood. When the 
underlying mood is anxiety, the specific fear that the patient expresses 
will proceed from liis special predisposition or from his repertoire of 

*" ‘J’al peur, cllsait un malatle a M. Bsquirol.’ 'De quoi?’ 'Je ne sais rien, mais j’ai 
pcur'.” (Des maladies mcntales, 1S3S.) Cited by Griesing'er. 
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favorite fears.’® G. Stanley Hall has given a full account of the com- 
mon fcai-s of normal people i7i hi.s Study of Fears, and Burton’s Auai- 
rmy of Mdanchohj has a long catalogue of paranoid fears and phobias 
from classical literature. “Pacify them for the one,” he wrote, “and 
they arc instantly troubled with some other fear; always afraid of some- 
thing, which they foolishly imagine or conceive to themselves, which 
never peradventure was, never can be, jicver likely will he; troubled in 
mind upon every small occa.sion, unquiet, still complaining, grieving, 
vexing, suspecting, grudging, discontent, and cannot he freed so long 
as tiieir melancholy continues.”! 

Other Symptoins . — Seventeen of twenty-six patients (65 per cent) 
were overtalkative, and twelve out of twenty-six (46 per cent) were 
circumstantial. The talkativeness may he looked upon as a form of 
motor re.stlc.ssness and should not he mistaken for euphoria, and 
the talk is rambling hccause the patient is confused. The patient dwells 
on details because they have become unduly im])ortant to him. It may 
1)0 that the talk is importunate and querulous because the patient feels 
he needs to explain and justify himself to an unsympathetic observer. 
Not all patients are talkative, however, and some of the patients are so 
suspicions that the}' become unduly reticent. 

Sometimes there is a bitter and aggressive reaction to the semsation of 
distress. The persecutory ideas are diffuse and correspond to the 
formula; “The whole world is against me.” 

Since the anxiety is often marked, the patient’s delusions involve 
throats of bodily harm; the ])atient may attempt suicide or attack his 
supposed persecutors. It is often some such act that brings the patient 
to the psychiatric hospital. 

Patients often com})laiu of imaginary odons, “smoke in the room,” 
“ether” or “chloroform,” or simply “heavy air.” A particularly com- 
mon kind of dreamlike delusion is that of being covered with a cloth, or 
wet rag, or being “hit over the face with a towel.” It may be that 
all such delusions are referable to the respiratory distress. Delusions 
of being moved alioiit or rhythmically up and down may be ve.stibular in 
oi'igin.j; Rhythmic auditory hallucinations with repetition of a single 
word or syllable are also descilbcd by some patients. Death and murder 
are frequent subjects of delusions, though the patient may ])roject the 
death or murder to another per.son. “There was a woman in the bed 
beside mo dying of heart di.sea.se,” one woman patient said, “and the 
doctoi-s came and took her insides out, but next morning .she was alive 
again.” The theme of death and ro.surrection rea])peared several times 
in different subjects. 


. , nble to show that the deUi-Blonal pliobla wlilch found 

■jcpro.-.'^ion flurlnp a «irtl!ac- pwyoho.sl.s w.-ih already pre.sent to a mild desroe before 
the on"‘ t of heart failure. 

tPart. 3, .SV..et. Ill, Mem. I, Subs. II. 

Apparatu.s In Xruro.sl.s ami Peycho.si.s, J. Xerv. 



"WORTIS: CARDIAC PSYCHOSIS 

The psychological mechanisms here brought into play furnish inter- 
esting material for further study, but it suffices here to say that the 
content of the ps3^ehosis is modified on the one hand' by the nature of the 
physical disease and on the other by the past experience of the patients. 
In other words, the psychosis, like a dream, reveals the patient and his 
complexes. The patient can talk and think only in terms of these ex- 
periences and complexes, for tliei^ are the only language he knows. But 
the content of the psj’chosis does hot explain its cause, any more than 
the content of a dream explains the cause of dreaming. 

THE DLIGNOSrS OP CARDIAC PSYCHOSIS 

Some authors believe that only 1 per cent of patients with cardiac dis- 
ease develop a psj’^chosis. Lilienstein declares that fully 90 per cent of 
patients show, some degree of mental change. A. G-. Gibson found that 
10 per cent of his cases showed major mental S3Tnptoms. Wyckoff* esti- 
mated that 8 per cent of the cases on his medical service at Bellevue 
showed mental S3Tnptoms.t Even when mental changes occur, an anx- 
iety psychosis is b3’ no means the rule, or even common, in advanced 
heart failure. Mild depression and somnolence ma3’' be more frequent, 
but the3^ hardly require the special care of a ps3^ehiatric hospital. 
On the other hand, the occurrence in 0113’^ particular case of the same 
clinical picture does not prove the presence of a cardiac ps3’^ehosis. The 
present stud3’’ gives no information on the specificity of the clinical pic- 
ture described here since no other groups of organic ps3’’choses were 
studied for comparison. It is not difficult, however, to find cases with a 
clinical picture differing in no essentials from those liere described, per- 
haps even associated with dyspnea, but with no histor3’' or findings sug- 
gesting heart disease. M3’^ own impression is that the same clinical pic- 
ture may occur elsewhere, but much less frequentl3’- and t3^picaUy, and 
at any rate it is Iciiown that sliock, hemorrliage, head injur3’', brain 
tumor, and a variet3' of drugs ma3' all produce a combination of con- 
fusion and anxiet3’' associated with persecutoiy delusions. A similar 
syndrome is produced b3' spontaneous hypogi3*cemia, and is relieved by 
a piece of cand3\ Wolff and Cuiwan found that anxiet3’^ and persecu- 
toiy delusions are almost a regular occurrence in a variet3^ of symptom- 
atic ps3^choses associated with conditions ranging from alcoholism and 
copper poisoning to carbuncle and malaria. Though it is probable that 
each of these agents tends to produce different mental pictures, there is 
alwa3^s some overlapping and tliere are alwa3's some common features ; 
but even the occasional occurrence of the same clinical picture in other 
diseases indicates. that “cardiac” ps3*chosis is due to something plysi- 

' *Ijectvire notes for Bellevue inedical students. . . 

■ tHorner (1910) found that valve lesions vrere revealed at autopsy -in a high pro- 
portion (21 per-cent) -of fatal cases of acute "dementia praecox.” It is probable that 
many of these cases were cardiac psychoses. 
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olofrjeally more fundamental tlian circulatory failure — perhaps anox- 
emia* or some other nutritional deficiency in the nerve cells — ^which 
may occur in a variety of diseases. 

But even when the p.syehosis is a.ssociated with cardiac svTnptorns, 
there are several considerations that must he remembered in diagnosing 
cardiac psychosis. The fii-st is that the lieart disease and failure must 
thcmse]%'es liave some cause, and this etiologic factor may quite inde- 
pendently cause a psychosis. S.n>hilitic heart disease, for example, may 
he associated with general paresis, or arteriosclerotic heart disease with 
senile dementia. Similarly, the same acute infection which leads to 
myocardial damage and heart failure may independently cause a p.sy- 
chosis. 

The second consideration is that .sensations around the heart, espe- 
cially cardiac pain, are peculiarly common in all kinds of psychoses. On 
the one hand, .strong emotions react upon the heart, and on the other 
hand, both heart and brain are peculiarly sen.sitive to common noxae.f 
In diabetic ketosis and in hypoglycemic shock, for example, the patient 
will e.xperience anxiety and complain of pain around the heart; while 
low oxygon pressure, to give another example, may produce both con- 
fusion and precordial pain.| 


Finally, cardiac or jireeordial sensations of various oi’igin, even, .says 
Wenckebach, an intercostal neuralgia, are especially likely to produce 
anxiety, whether as a specific visceral .sensation or simply as a condi- 
tioned a.s.sociation, one cannot yet .say. Stran.sky (1903) appears to he 
the fir.st to have related the symptom of p.syehotic anxiety to an imagi- 
nary visceral sensation from the heail. Braun has written two .sliimulat- 
ing hut unconvincing hooks to support the claim that all anxiety comes 
ftom or through the heart. “All anxiety,” to quote Fleming, “is a 
mild angina i)ectori.s.” But the transitory sensations produced by tachj'- 
cardia, premature ventricular contraction, or an anginal attack are not 
usuall.v a.ssociated with confusion and do not in-oduee a p.sychosi.s. 


The main ci-iteria in diagnosis are the a.ssociation of the p.sychosis 
with an epi.sode of heart failure, the ])re.senee of a typical clinical pic- 
ture, and the absence of comjfiicating features. 


Hitz'-nber/jtr. Ksirl : Cber Storunsren bot Krelpl.aufkranken 

UiToU;t, Sauw.'.tofTmariK.-Ic, Wien. KUri. WchnKcbr. No. 28, 133.3, Anxiety am be rie- 
PbysioloKleal t'-rm?. !i.s a Ktato of loTperexcitabllity and hyperreKpomlveneBS 
oi the nervous apparatu.s. Anoxemia has been experlmenUiUy shov.Ti to induce »ucb 
a state, ef., e-jt.: .X. Morris; Anoxemia and the Increased Klectrical Excitability oI 
V-Z I.rit. J. Kx\>fr. Path. 3; 101, 1922: .also Helnbc-cker and Bishop; 

Ahoxeniia. CO^ and Hactlc Acid on Electrical Phenomena of Jifyellnated 
rTi* ^ Autonomic Nervoii.s Hyf-tom, Am. J. Phyaiol. £>C: 

tr.-innon. W. B.; .Stre.«»es ,^nd .Strain.-? of HomeoBtaf*!.-. Am, . 1 . Med. .Se. 183 ; No. 1 , 
3 


JCf. Roth.-'chlld and Kisuln 
-\n'ixc-mlit, AM. Hkakt J. R; 7 
Kfrects of (JxyKcn Deprlv.atlon 
I to, r><tc.. 1332. 


: I'roductlon of Anginal Syndrome by Induced General 
23, 1333 : .also McFarland. Roxh A- : The pBycho]o;,'lc.aI 
fAnoxernht) on Human Behavior, Arch, of PRycboioK>', 



409 


WORTIS: CARDIAC PSYCHOSIS 


COURSE AND PROGNOSIS 

After the tabulation of our series of biases, it was noticed that prac- 
tieallj’’ all of the subjects had advanced heart failure and fell into the 
functional class specifications Ilb and III of the American Heart As- 
sociation. Subjects with only slightly diminished cardiac reserve almost 
never developed a psychosis. All of the patients had a degree of 
dyspnea sufficient to interfere seriously with ordinary activity, though 
not all of tlie patients showed dyspnea wliile at rest. One is entitled to 
conclude tentatively at least that the development of the psychosis is 
ordinarily associated with a considerable degree of dyspnea. Apparent 
exceptions to this rule proved to be cases of cerebral embolism, throm- 
bosis, hemorrhage, or senile psychoses associated with heart disease. 
Practically aU of the cases in the series developed the p.sychosis only 
after the heart failure had persisted for some time ; in none of the cases 
did the psychosis precede the onset of failure. In most of the cases the 
psychosis survived the period of extreme or congestive failure by a few 
da5’'s or even weeks.* 

No cases were observed in whicli the psycliosis was static, or survived 
as a chronic psychosis after the cardiac failure was relieved. 

Of the twenty-six patients listed in our table, seven could not be 
traced. Of the remaining nineteen, sixteen had died vnthin the follow- 
ing two years, and three were still alive. Of tliese, two were in State 
Hospitals, one bedridden and seriously ill, tlie other up and aliout but 
still psychotic and with severe hypertension. A single patient was at- 
tending the cardiac clinic and was said to be improved. Of the sixteen 
known deaths, four had occurred uathin the period of observation and 
eight within three montlis after tlie period of observation. 

The high mortality rate of this series indicates that the psychosis is 
a bad omen. It indicates a failure of the central nervous system, follow- 
ing upon and complicating tlie failure of the circulation. The elaborate 
physiological mechanism called into play to compensate for the defi- 
ciency of circulation has broken down, and the course thereafter is 
dovaihill. 

SUMMARY AND CONCLUSIONS 


We could not estimate the frequency of psychosis in heart failure (but 
it is generally admitted to be uncommon) ; nor did we try to explain the 
fundamental cause of the psychosis, Avhich is still unlaiown. We have 
simply investigated some clinical features of the psychosis when it oc- 
curs. It was found to be mainly characterized by confusion, anxiety, 
and delusions of persecution, and the patients were often overtalkative 


♦This discrepancy between the period of psychosis and the period of extreme 
failure led to the erroneous belief that the psycliosis was due to the resorption of the 
poisonous disintegration products of edema, rather than to the circulatorj' failure as 
such. This theory was advanced by Eichhorst forty years ago. Tliere is however 
no relation between the absorption of the edema, as measured by loss of weieht and 
Increased diuresis, and the onset or duration of the psycliosis. ^ 
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and circumstantial. Tlie development of a psyclio.sis in the course of 
iieart failure appears to be of grave prognostic significance, for of nine- 
teen patients who could he traced, .sixteen had died during, or within 
two years after, the period of ohseiwation. 

In addition, the study of the psychosis led to several other conclusions: 
(1) that anxiety is a body state and can be provoked by physical dis- 
ease, (2) that anxiety may induce delusions of pei-secution, and (3) the 
persecutory delusions are dependent on the degree of a.ssoeiated co7i- 
fusion. Cardiac psychosis thus directs attention to a fundamental 
psychological mechanism and fumishes at the same time a well-circum- 
scrihed condition in which the physical or physiological basis of anxiety 
can he studied. 

This study was completed during the tenure of a re.search fellow.«hip and was 
made possible by the kind cooperation of the Medical Department of Belle\Tic 
Psycliiatric Hospital under Dr. Norman .Tolliffe. 
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THE MECHANISM OF IMPAIRED AURICULOVENTRICULAR ' 
CONDUCTION IN ACUTE RHEIBIATIC FEVER*= 

Howard G-. Bruenn, M.D. 

New York, N. Y. 

I MPAIR1\IENT of auriciiloventricular conduction is common during the 
course of acute rheumatic fever. Its importance is accentuated by 
the present-day concept that it indicates active rheumatic carditis.^ Ac- 
cording to various authors, the incidence of conduction defects in this 
disease varies from approximately 27 to 87 per cent in the different series 
reported. This wide range is probably due, in part, to the varying fre- 
quenej’- with which electrocardiograms are taken and, in part, to the 
severity of the cases studied. According to figaires given in the litera- 
ture, approximate^ from 28 to 30 per cent of all eases of acute rheu- 
matic fever observed in a general medical service show some degree of 
heart-block during the course of the disease. 

Three theories have been advanced in explanation of this disturbance. 
The first, or anatomical, is the most commonly accepted. It implies the 
presence of structural changes involving the auricles and tlie bundle of 
His, in the form of acute inflammation, vascular changes, edema, and 
fibrosis. The second theory ascribes the abnormality to a direct effect of 
toxins on the conduction system. According to a third hypothesis, there 
is a heightened vagal action or an increased response to vagal control 
under the influence of the toxins of the infection. 

In studjnng serial electrocardiograms in a case of acute rheumatic 
fever with impairment of aurieuloventricular conduction, the transient 
character of the block is impressive. It usually makes its appearance 
at the height of the activity of the disease. In most cases, the conduction 
defect will subside within a few days or several weeks ; in the majority 
of cases it tends eventually to return to within normal limits. It is the 
purpose of the study reported in this paper to attempt to analyze the 
mechanism of this disturbance. 

The study is based on twenty-two patients vdth acute rheumatic fever 
wlio were admitted to the wards of the Medical Service of the Presby- 
terian Hospital during the la.st three years. Tliere were nine males and 
thirteen females.' The average age was 25.3 years, with a range of from 
9 to 42 years. In every ease, the diagnosis of acute rheumatic fever was 

•Prom the Department of Medicine, College of Physicians and Surgeons, Columbia 
University, and the Presbyterian Hospital. 

Tliis investigation Ti-as aided by a grant from the Josiab Macy, Jr., Ptoundation. 

''cport of this \York has already been published. See Bruenn HG • 
lUTect of .Mropine on Impaired Auriculoventi'icular Conduction in Rheumatic’ Peve'r 
Proc. Soc. Exper. Biol. & Med. .32: .=562. 1.334. - 
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made on ample clinical and laboratory evidence, i.e., polyarthritis, which 
subsided rapidly with salicylate therapy ; high sedimentation rate ; leu- 
eoevtosis: and fever. Twenty of the patients showed evidence of cardiac 
damage by the presence of valvular defects. Congestive heart failure 
was not present in any. Each ca.se showed impairment of auriculoven- 
tricnlar conduction in the electrocardiogram. The degree of block varied 
from prolongation of the P-I? interval above 0.2 sec. to incomplete heart- 
l)lock. None of the patients had received digitalis or quinidine. Sali- 
cylates were being administered to over half of the cases at the time of 
the experiments. In several cases observations were made before and 
after salicylate therapy. 

The behavior of the conduction times in these patients, and in 
a control group of seven indhd duals of comparable age without evidence 
of heart disease, and presenting normal electrocardiograms, was studied 
after tlie intravenous injection of atropine or the subcutaneous injection 
of epinephrine. Two control electrocardiograms were taken, one hour 
apart. Furtlier records were then made at intervals of from one to four 
minutes during the periods of observation. 

Airopine . — It has been shovm that relatively large amounts of atropine 
must be admini.stered in order to produce paralysis of the terminals of 
the vagus nerves in the heart.^ Enough of the drug was given to these 
l)atients to produce dn'nc.ss of the mouth in all cases; pupillary dilata- 
tion and flushing of the skin occurred occasionally, but no undue sub- 
jective discomfort was induced. It was found that from 1.5 to 3 mg. of 
atropine sulphate injected intravenously sufficed to produce these .symp- 
toms. The maximum effect of the drug occurred during the first fifteen 
minutes after the injection. In a number of cases, observations were 
conlimied over a period of six hours; at the end of this time the ven- 
tricular i-ate and the auriculoventricular conduction time had returned 
apj)roximately to their control levels. In every csise the action of the 
drug had disappeared completely in the course of twenty-four hours. A 
.series of tliirty observations was made on the group of twenty-two rheu- 
matic .subjects. 

The intravenous administration of atropine suli)hate to individuals 
without evidence of heart disease is characterized by an acceleration of 
the ventricular rate within the first minute after injection. This ac- 
celeration. in the control group, was found to be 42 beats per minute on 
the average. The range was from 20 to 57 beats per minute. The con- 
duction time before atro])inization varied from 0.13 to 0.17 sec., with an 
average of 0.147 sec. Following the administration of the drug, the 
av(*r;ige decrease in conduction time was found to be 0.014 sec., with a 
range of 0.01 to 0.03 .sec. (Table I). 

In 20 of the 22 patients comprising the i-heumatic group (91 per 
cent), shortening of the conduction time exceeding the limits set by the 
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control group was noted after atropinization. The decrease in auriculo- 
ventricular conduction varied from 0.04 to 0.17 .sec., with an average of 
0.07 sec. A typical protocol is given in Table 11. 

Table II 

ErfXCT OF EXEF.CI.se AN'D iNTnAXXNOES INJECTION' OF ATKOPINE SUIJ'II.VTE IN A 
P.ATiENT With Accte Rheumatic Fever 


A. S.. Female. Aged 25 years. Mitral Stenosis and In.oufliciency. U.H. 450891 


HATE 

1955 


TIJIE 

VENTRIC- 

ULAR 

RATE 

P-R 

INTERVAI. 

Asec.) 

REMARKS 

April 27 


10:50 

90 

0.22 


April 29 


11:10 

90 

0.24-0.25 


Mav 2 


10:25 

80 

0.24 


itny 5 

Control 

9:20 

90 

0.23 



Control 

10:14 

102 

0.23 

Exercise^ 



10:16 

105 

0.21-0.23 




10:17 

90 

0.24 




10:19 

90 

0.24 




10:21 

95 

0.23 




10:20 

86 

0.24 




10:.-J1 

85 

0.24 




10:40 

88 

0.25 




11:16 

90 

0.24 




11:43 



.Atropine 1.5 mg. 



11:44 

105 • 

0.1 S 




11:46 

110 

0.18 




11:48 

115 

0.18 




11:53 

110 

0.17 




11 :55 



Mouth (3rv, face flu.«hed 



11:58 

310 

0.18 




12:1.3 

110 

0.20 




12:43 

105 

0.22 




1:43 

85 

0.23 




2:43 

so 

0.24 




3:43 

05 

0.25 




4:43 

58 

0.25 


Mav 4 


10:20 

90 

0.24 


Mav 13 


2:25 

70 

0.22 


Mav 20 


30:25 

70 

0.20 



•KxerclPf; conslytcd of sitting up and lyinK back In bed flfty times within two 
minutes. 


In general, it was found that the greater the degree of block before 
giving atropine, Ihe greater the deerea.s-e of tlie P-R interval following 
iniection of the dntg. 

The ciiange in ventricular rate ranged from -5 to 4^65 heats per 
minute, with an average acceleration of 26,4 heats per minute. There 
wa.s no nnifonnly con.si.stent relationship between the degree of accelera- 
tion oi rate and the e.xlent of shortening of the conduction time. In one 
ca.se an increase of oO heats per minute was accompanied by a decrease 
of only 0.04 .sec. in conduction time. In another in.stance tlierc Avas a 
decrcas!* of 5 heats in ventricular rate following injection of atropine, 
associated with h decrea.se of 0,17 .see. jn the P-R interval. The latter 
case is illiLstrated (Table III) in order to .show the complete independ- 
ence of these two factors from each other under the given e.xperimenfai 
condition.s. 
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Table III 

lNTRA\'EKOus Injection op Atropine Sulphate in a Patient With Acute 
Eheujiatic Fever. Marked Decrease in , Auriculoventricular Conduction 
Time With Slowing op Ventricular Bate ■ 


G. W., Female, Aged 23 Years. Mitral Stenosis and Insufficiency. XJ. H. 354940 


DATE 

1936 

> 

time 

ventric- 

ular 

RATE 

P-R 

INTERVAL 

(SEC.) 

REMARKS 

Mav 19 

Control 


88 

0.33 



Control 

2:17 

105 

0.33 




2:18 



Atropine 2 mg. 


1 

2:19 

100 

0.16 



1 

2:22 

102 

0.16 




■ '2:24 

106 

0.16 



1 

‘2:29 

110 

0.16 

Moutli diy 



2:34 

100 

0.17 



. . 

2 ;45 



Moutli dry 



2:49 

103 





3:19 

95 

0.29 




4:19 

76 

0.33 


May 20 


9:55 

95 

0.17-0.37 j 


May 21 


11:20 

To 

0.33 


May 22 


10:00 

90 

0.29 , 


May 28 


2:40 

70 

0.16 


June 1 


11:23 

75 

0.15 



*Pj-olongecl conduction ; P-wa%’es superimposed on the ^T-waves. 


In two patients tlie degree of block was unaffected by atropine. One 
died suddenly in another hospital six weelis after our observations were 
made. The other has been followed for almost a year, during which the 
auriculoventricular conduction time has been persistently prolonged, 
probably due to fibrosis of tlie junctional tissues resulting from rheu- 
matic lesions. In nineteen of the cases in which atropine was effective 
in reducing the degree of block, normal auriculoventricular conduction 
appeared from a few days to a few months subsequent to the experiment. 

Three cases, in addition to unpairment of auriculoventricular conduc- 
tion, showed delay in intraventricular conduction time. Atropine had 
no effect on this disturbance. 

In fifteen patients receiving aspirin at the time of study, nineteen ob- 
servations were made (Table IV). When compared with the group of 
seven patients who had received no aspirin (Table V), it was found that 
the only essential difference was in the initial ventricular rate and its 
degree of acceleration following the injection of atropine. Wliile the 
initial ventricular rates in the group which had not received aspirin 
were higher, on the average, than in the group which had (100.6 beats 
per minute as compared with 82), the average initial P-R intervals were 
practically identical (0.238 and 0.245 sec.). Following the injection of 
atropine, the average decrease in auriculoventricular conduction in the 
untreated group was 0.072 sec., with an average maximum acceleration 
in the ventricular rate of 33.7 beats per minute. The average decrease 
in the P-R interval of the group receiving aspirin was found to be 0.07 
sec., with an average increase in the ventricular rate of 23.6 beats per 
minute. 












BRUBNN 


: raiPAIRED AUEICULOVENTRICULAR. CONDUCTION 419 


P 


z 


X 




X 

o 

o 




o ^ 

s > 


5 g 

> 

2:3 £s3 5^ 

3 So 

o 






c-( 


o 


c ^ 


s 5 

CCS i- 


o 




y: 

D 

O 

X 


z 

M 


O 


X »z &3 
W 5 
1;:? 2 < 
S Eh fti 

O 

W 


h 2 

^ s 

25 


O CO t' t- 1 I I I I 

tc !-* m in 1 I I I I 


ct-50ini:3cot — i'rc 
looooocncni-r 

coooooooo 


0 

P w 
^ p ^ 

1 S K 
> 


lO »0 o »0 O lO O lO CO 
<M r*^ -r C'l lO *0> *-H r-< G^l 


O 


§ 

a 

3 w 


- - -t< c: i" to o io 

OOOOOOOOO 


o 

t- ^ 


rH 

P 


10 0 10 10*0 0 10 lO CO 

t^iooo-rocccooQ 


a _ 

p 

?? p ^ 


£h fcU 


o — . 1-- — * rc *o O o 


SSo 

^ o 2 

5£ S 

g S'-' 


c P in m o m o in 
Ini ni — c w r-5 lyi rp 


^ > r- 

•r c 3 fe 
g M 
P '-' 


5 p <: 
S P ci 


r- o o -i- C'l o 20 

C Ol OI OJ O] 01 01 DJ 01 

p o o o o o o’ o o 


o >0 lo o lO lo o < 

»0 O C'l o o 


OJ 


X 

fc3 

w 




^ 


rc o 

— < Cl rH 


CO *0 Ol 00 
Cl r-: rj- cc 


<4 

< 

X 


,0 m ^ 



420 


TIIK A:stERICAX HEART .70UI5XAL 


Thus,, while the initial ventricular rate wa.s higlier in the group which 
(lid not receive aspirin, the increase which followed atropinizaiion was 
also greater, by 20 per cent, tlian in the group of patients who had been 
given aspirin. The change in auriculoventricular conduction was the 
same for both groups. It would .seem, therefore, that the administration 
of asi)irin to tliis group of ])atients with acute I’heumatic fever tended 
(1) to lower the cardiac rate; (2) to diminish tlie degree of re.spon.se of 
the ventricular rate to atro])inizati(m. There was no apparent effect 
upon auriciiloventi-icular conduction. 

Influence of Emotion . — In all cases control electrocardiograms were 
taken about one hour prior to the stai-t of the experiment. These trac- 
ings were devclo]H‘d and read in order to be sure of the presence of an 
auriculoventricular conduction defect. Second control elcetrocai’dio- 
grams were taken just before the injection of atropine sulpliate. In 
mo.st of tlie cases, the ex[)lanation of what was being done, as well as the 
actual performance of the ]>rocedure, was unattended by atiy subjective 
discomfort. Tliree indi7'iduals, however, manifested some degree of fear 
and anxiety, eitlier by teai-s or vocal protests. The second control elec- 
trocardiograms. wlien taken on these patients, showed jnarked decrease 
in auriculoventricular conduction, with little or no change in ventricular 

T.\itu: vi 


Krm,T or EMf)Tio.\- Uro.v TitE ,\riacrt/»VK.VTJiK’ri..ut Co.vdi-ctio.v TistE ix 
P.\TIK-ST 'With ACCTK liHECMATIC Fevkp. 

E. F., Fcinulc, .\gO(l .'(8 Yoiir.s. Mitral 8teno.>iis aii<l riiHuffipiency. U. H. 44441-i 


v.\rr. 

i 


WIKTUIC- 

r-R 


IfO.j 

i 

TIME 

UI.AK 

l.XTERVAE 

REMARK.S 

1 


RATE 

(,SEr.) 


Man'll a 

i 

9;. 70 

90 

0.10-0.32 


^tarcli ao 


10:05 

95 

0.27 


-Vpril 1 

i 

11:10 

115 

0.27 


April 

Coni ml 1 

i 

1 ! 

9:oS 

100 

0.28 

Patient quite apjirelien- 
Hive when proceOiire 
was explained to lier 


Control j 

10:50 

95 

0,10 


1 

10:. 55 



Alropine 1.5 mg. intra- 


i 




venouslv 


i 

1 

10:50 

128 

0.14 



5 

11:00 

118 

0.14 



1 

11 :05 

115 

0.13 



i 

11 :10 

no 

0.14 



I 

11. T2 
11:25 

118 

0.14 

Moutli dry 


1 

11 :55 

100 

0.15 



1 

12:55 

108 

0.14 



1 

1:55 

100 

0.15 



i 

2:55 

100 

0.15 



1 

.'5:.55 

98 

0.18 


April 4 

» 

4 :5ij 

100 

0.28 


i 

9;4S 

100 

0.2.8 

0.2.8 


April 

i 

10:50 

90 


April 17 

! 

11 :35 

90 

0.18 


April *2,7 


10:50 

80 

0.17 
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rates. Atropine was then injected in the usual \vay, and a further de- 
crease in the P-H interval was obtained. In Table VI is given one of 
these protocols. 

Epinephrine . — It seemed possible that the changes in auriculoventricu- 
lar conduction which occurred during the period of emotional tension 
might be due to depression of the vagal influence by excitation of the 
sympathetic nerves to the heart. In an effort to reproduce this effect, 
epinephrine, in varying doses, was administered subcutaneously to five 
patients with acute rheumatic fever who showed a conduction defect by 
tlie electrocardiogram (Table VII). In all of these cases the prolonged 

Table VII 

Effect of the Subcutaneous Injection of Epinephrine Hydrochloride (1:1000) 
Upon the AuriculoventriculjVk Conduction TiiiE in Patients 
Without Heap.t Disease 







CONTROL 

z 

z 

MAXIMUM 

CHANGE 








> 

w 



A 

< 

DATE (1930) 


K 

K 

W 

P 

K 

'r- ^ 

•.c < 

> a 

s 

z o 

•> >si2 

T CC 

td w* 

o 

S 

5 
• < 

5 £ 

6 < 

•w' 

b 2 

< B 

ri ^ 

S 

P 

o 

> S3 

< 

w 

r* 

55 'V 

W O 
r± K 

y M 

M. J. 

June 9 


35 

F 

100 

0.13 

0.5 

8 

+20 


H. A. 

July 9 

2:25 

23 

M 

85 

0.15 

0.5 

10 

+ 8 

0.00 


2:47 



90 

0.15 

0.5 

0 

+ 2 

0.00 

W. B. 

July 8 

2:10 

24 

M 

70 

0.14 

0.5 

3 

+ 5 



2:39 



mm 

0.14 

1.0 

20 

+12 


M. F. 

June 9 

2:48 

35 

F 


0.16 

0.5 

0 

+18 




3:05 



75 

0.15 

1.0 

4 

+25 

-0.08* 


♦Ectopic auricular rliythm. 


P-R intervals were shown to be susceptible to atropine. A control group 
of four individuals who shoAved no evidence of heart disease or electro- 
cardiographic abnormalities was similarly treated (Table VIII). 

As can be seen, the injection of relatwely smalt doses of epinephrine 
produced a slight acceleration of the I'entricular rate, ivhich averaged 
11.2 beats per minute in the rheumatic, as compared AAoth 12.8 in the con- 
trol group. The change in the P-R interval was also practically identical 
in tlie tu^o groups, 0.018 sec., in the rheumatic and 0.02 sec., in tlie con- 
trol group. 

When a second dose of epinephrine was administered subcutaneously 
20 minutes after the first injection, wide variations in the effect on rate 
and conduction ivere observed. In the control group ventricular ac- 
celeration was again obtained, but not to a marked degree, averaging 13 
beats to the minute. The decrease in conduction averaged 0.03 see. ivith 
a range of 0.00 to 0.07 sec. In the case which showed the maximum fall, 
there was a change from tlie regular sinus mechanism to an ectopic 
auricular rhythm. In the rheumatic group, two cases slioived a decrease 
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Table VIII 

Effect of Epinepukine HrimocnwiMDE (1:]000), Ixjected .Subcutaxeouslt, 
Upon' the AtrnicuLOVEXTKicuLAR Conduction* Time in* Patients With 
K riEuiTATic Heart Disease 


ft 

Ci 


CONTROL 


> 

ct 

£- 
/C ' 


ifAXI^tUiC 

CHANGE 


£“ 


O 

&: c 

j 


X 

1 

1 ? 

1 ? 

1 5 

1 

T CC 

1 ^ 

! g 

i isd 

T iX 

! 3 S - 

A. C. 

June 22 

3:40 

i 

M 

118 i 

0.25 

0.3 

•» 

+ 7 

-0.02 




4 : 0.1 



11.5 

0.24 i 

0.5 

10 

+20 

-0.03 1 


A. .S. 

April 2.'’, 

10:39 

34 

F 

72 


0.5 

21 

+18 , 

0.00 

- G 



11:05 




0.23 j 

1.0 

7 

-25 i 


+54 

«. W. 

i May IP 

11:00 

23 1 

F 

88 

0.33 1 

1.0 

15 

+12 

-0.04 

+10 



11:17 



100 


1.0 

8 

0 

-0.1 It 

+2G 

L. C. 

.Tan. IF) 

3:20 

20 

F 

70 


0.5 

4 

+12 

-0.01 

+15 


.T.an. IS 

9:10 



75 

! 0.21 

1.0 

4 



+54 

G. P. 

July 29 

11:19 

IS 

F 

75 

0.24 

0.5 

18 

T 7 


+ G 



11:38 



82 

0.22 i 

0.5 

l(i 

+ 8 


+52 


•Complete heart-block. 
IKctopic nuriculur rhythm. 


in the P-R interval. In one, with a slioilening of 0.03 .sec., the venli'icu- 
lar rate inei’easocl 20 iieats. In the second, with a shortening of 0.11 .sec,, 
there was no cliange in ventrienlar rale. The remaining tlii’ee eases all 
showed an increase in conduction time. In two of tJiese, transient, com- 
plete heart-block was observed. In all ca.se.s, numerous premature beats, 
of both nodal and ventricular origin, as well as shifting of the pace- 
maker, were observed. These effects were temporary, and the electi’o- 
cardiogram returned to its oi'iginal foi-m within twenty minutes after 
the second injection of epinephrine. 

It is well known that acceleration of the heart rate due to epinephrine 
ic.sulls from stimulation of the endings of the aecelevatov nerves in the 
heart muscle; this is the characteristic feature of the action of epi- 
nephrine. ^N'ith large amounts, acceleration may be temjiorarily replaced 
In retardation (Table IX). “This second jihase of .slowing is not ob- 
set\ed if the vagi are divided or if atropine is given before adrenalin, 
so that it obviously arises from excitation of the vagus center. This is 
not mainly a direct adrenalin action but is largely a seeondai-y re.sult of 
the high blood pre.ssure, ivhieh induces congestion of the brain and 
arouses the vagal center to activity. After a short time, the blood pre.s- 
surc beginning to fall, or the vagus center becoming exhausted, the ac- 
celerator .stimulation again gains the upper hand.--'’' 

It may be po.ssrble, then, that the changes in rhythm observed in this 
sei-Ks of rheumatic subjects following injection of the larger amounts 
of epmephrme arc an oxpre-ssion of a hyperiiTitable vagal center. This 
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Table IX 

Effect of Subcdtaneous Injection of Epinephrine Hydrochloride (1:1000) 
Upon the Ventricular Bate and Adriculo'Pentricular Conduction Time 
in a Patient With Acute Eheujiatic Fever 

L. C. Female. Age 20. Mitral Stenosis and Insufficiencj*. IJ.H. 474067 


date 

1936 


TIME 

1 

AURICU- 

LAR 

RATE 

VEN- 1 
TRICU- 

LAR 

RATE 

P-R 

INTERVAL 

(SEC.) 

BLOOD 

PRESSURE 

REM^VRKS 

•laDuarv IS 

Control 

9:05 


75 

0.21 

102/58 




9:10 





Eijineplirine 







1 

1 c.c. 



u-n 

j 

100 

O.IS 

104/5S 


1 


1 9:12 i 

110 

O.IS 



i 


i 9:13 I 



122/70 

i 

i 

i 

9:14 

i -too 

75 



1 



9:15 i 



160/94 




1 

0*17 ’ 

96 

0.18-0.34 


i 



9:1S ! 1 



166/S8 




9:20 1 

So 

0.21-0.22 





9:21 [ 



' 150/72 

i 



9:24 : 



134/74 




9:25 i 

1 80 

0.21 

1 

1 



9:27 1 

1 i 


126/70 



i 9:30 i 

1 S2 

0.21-0.22 

120/60 


January 20 

! 10:10 ! 

i 70 ' 

1 0.20 

108/70 


January 21 

; ]0:20 i 

! 60 : 

0.20 

117/70 


January .30 

! 10:20 i 

90 

O.IS 

122/70 


February It 

. 2:4.5 ' 

! 70 

0.18 

120/80 


February 19 

i 9:55 

1 90 

0.18 

12.5/S2 


February 28 

! 10:25 ! • 

I 9S 

1 0.18-0.19 

118/76 


March it 

! 10:43 i 

I 100 

1 0.18 

112/86 



‘Complete heart-block. 


explanation .suggests that the source of vagal liypertoiiia may be not in 
the heart but in the medulla oblongata. Furtiier evidence in support of 
this hypothesis is being sought. 

Four of the rheumatic patients complained of transient, moderately 
severe, nonradiating precordial pain, occurring from twelve to fifteen 
minutes after the injection of the second dose of epinephrine. The in- 
crease hi blood pressure was at its height at this time. An ice bag placed 
on the precordium was effective m controlling the pain, which never 
lasted more than several minutes. This s.vmptom was not encountered 
in the control group, despite admini.stratiou of comparable doses of 
epinephrine. 

Exercise . — Observations on the effect of exercise upon prolonged auric- 
nioventricular conduction time did not yield conclusive results. Only 
two patients were studied. The exercise consisted of sitting up and 
lying back in bed fifty times. In one ease there was an increase in ven- 
tricular rate of 3 beats per minute, with a reduction of the P-R interval 
from 0.23 to 0.21 sec. (Table II). In the other case there was an in- 
crease in the cardiac rate of 4 beats per minute, with a fall in conduction 
time from 0.28 to 0.25 see. 
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CO.M3IEXT 

Loewi* h.-is deinoiistrated fhaf tlio vajms nerve does not act directly on 
{lie lieart muscle. His evidence is simple and direct. Two frog hearts 
were isolated, one with its vagus nerve, the other without. Both hearts 
were filled with a small amount of Ringer’s solution. The vagus nerve 
to the one heai-t was stimulated continuou.sly for a few minutes and then 
the Ringer’s .solution from this heail was placed within the other. The 
second heart reacted as if its own vagus had been stimulated. If this 
second heart had jireviou.sly been atro])inizcd, no effect was exerted hy 
the transferred fluid. Therefore, excitation of tlie vagus nerve produced 
or increased in amount a chemical snb.sfance which brought about slow- 
ing of the heart. This substance, wliich he called Yayuanioff, he was later 
able to ju'ove to he, in all probability, identical with acetylcholine.^ 

Atropine counteracts the elTect of vagal .stimulation. It has been 
sliown that the impairment of anriculovenlricnhn- conduction in the.se 
<-as('s <»f acute rlioumatic fever was {em])orarily diminished or abolished 
hy the injection of atropine. It appeals, therefore, that the conduction 
flcfect is caused, at least in part, by an increase in vagal lone. The 
.simiiticancc of this fact is enhanced hy the observations of Hall, Ettinger, 
aud Iiariting.'' Tlie.se investigators injected eight dogs with a 1:10,000 
s(dulion of acotylclioline daily over a ]»eriod of months, All of the ani- 
mals died with terminal signs of cardiac failure. Examination of the 
hearts at necropsy showed severe damage to the inyocai'dium and coro- 
nary arteries. 

Atlfinpi.s have been made to reproduce kesions in the myocardium and 
luruiiary arteries hy vagal stimulation, similar to those acldeved with 
tin* use of acetylcholine. These have not been succc.ssfnl.’" Exficriments 
on animals are being conducted in this laboratory along similar ]ine.s. 


SUMMARY 

Impairment of the auriculoventricular conduction time was studied in 
!wt!ity.t\vo patients witli acute rheumatic fever. Observations were 
niiidc (] ! after the intravenous injection of atropine .sulidiate, (2) dur- 
ing a, jM'riod of acute emolio)ial slre.«s, (3) following the subcutaneous 
adaunisiration of cpinei)|irine hydrochloride, and (4) after exercise. 

.\lr«pine completely abolished the conduetion defect in nineteen of the 
tw. Tgy-two easc.s studied. There was a marked diminution in the degree 
o! Idofk in the one ca.se in which the, dnig was given inti-amn.scularly. 
ll’.e effect was alway.s transient. Since? acceleration in venli’icular rate 
uni no; nccci-^sarily parallel decrea,se in conduction time, if api)ears that 
;OKf. two eficcts are not directly related. In one of the two cases wliich 
del tio! show a reduction in the dcirree of block after at ropinizfition, the 
jospr.irmciit persistf,! for a year and was probably due to organic changes 
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ill the junctional tissues. Three eases, in addition to impairment of 
auriciiloventrieular conduction, also showed delay in intraventricular 
conduction. Atropine had no effect on this disturbance. 

In three individuals, who gave evidence of emotional stress at the time 
of the observations, marked reduction in the P-R intervals was noted, 
despite little or no acceleration of ventricular rate. 

SmaU doses of epinephrine, injected subcutaneously, in five cases pro- 
duced a result similar to that observed in a control group. Larger 
dosage, liowever, exerted two opposite effects; it either diminished the 
conduction defect (two eases), or markedly increased it (three eases). 
The latter result ivas not seen in a eonti'ol group under similar condi- 
tions. 

After moderate exercise, there was some decrease in the P-R interval, 
with slight increase in ventricular rate. 

It is concluded that, in cases of acute rheumatic fever, impairment 
of auriciiloventrieular conduction is due. in part at least, to an increase 
in vagal tone. The significance of this fact is briefly discussed. It is 
suggested that the focus of vagal irritation lies in the medulla. 
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DISSECTING ANEURYSM OP THE AORTA, 
CORRECTLY DIAGNOSED 

With Desckiptiox of a Sign Heretofore Not ^Mentioned* 

H. Roesler, jil.D., U. G. Gifford, M.D., and W. Betts, M.D. 

Philadelphia, Pa. 

/^ASE mSTOllY. — J. 13., mule, aged seventy-five years, was supposed to have 
'^had tj'phoid fever at the age of sixty year.s. Six months ago he felt well. His 
blood pressure at that time was lSO/95, and the urine showed a trace of albumin. 
Progressive shortness of breath developed during the last two months. 

On the evening of ilay 24, 1936, he ate a heavy meal and immediately after- 
ward carried a heavy pail for thirty 3 'ards. Ten minutes later, while standing and 
talking to a neighbor, he was sudden^' seized with a severe pain in the back of his 
neck and upper dorsal region. The pain became more severe lower down the back 
and under the lower sternum. There was no radiation into the arms. He walked 
to his house, upstairs to his room, and became giaj' and perspired. Vomiting was 
induced but brought no relief. He was verj- restless and walked from room to 
room. 

He was given morphine and admitted to the hospital on the next evening. His 
blood pressure was lGo/140 in the right arm and 180/140 in the left arm. The 
heart was enlarged to the left, and there was a wide, heaving apical impulse. There 
was a mitral sj'stolic murmur and a well-marked protodiastolic gallop rhythm. The 
aortic second sound was greath' accentuated; no murmurs were heard. Both lung 
bases were full of moist rales, and bloodj', frothj' mucus u'as raised. The tem- 
perature was 99® F. The heart rate was regtdar, 104 per minute, but the next daj’ 
premature ventricuhar beats were heard, and short runs of tachycardia, thought to 
be of ventricular tj'pe, appeared. The pulmonnr\' edema cleared up. The blood 
pressure remained constant!}* elevated, 165 to 240 systolic and 118 to 140 diastolic. 
The temperature did not exceed 100° F. Pain, requiring relief by morphine or 
dilaudid, continued for five days. 

On the ninth day a pulsating area was discovered in the left interscapular area, 
at the level of the eighth interspace, the center being 6 cm. from the spinous 
processes. Three days later it was found to be 9 crn. out. Over this pulsating 
area the aortic second sound was very accentuated. On the fifth day of this illne.“s 
he complained of pain in the lower dorsal and upper lumbar region. 

Laboratory Findinys . — The leucocyte count varied from 10,000 to 15,000, The 
urine showed albumin but no casts, with a specific gravity of 1.025. Blood urea 
nitrogen was 9 mg. per 100 c.c. Elecfroc-ardiograms were taken on the third and 
fifth day.s of his illness. There wju- j)rc.‘-ent an isoelectric T„ left axis deviation on 
the second occasion, and a few premature auricular treats. The fir.st bed.side 
roentgenograms were taken on the eleventh day following the attack. There was an 
aortic configuration with enlargement dov.'nw.nrd and to the left. There was a definite 
widening of the supni-aorfic shadow in the region of the right innominate artery. The 
aortic shadow appeared moderately widened, markedly elongated, with the descending 
aortic contour slightly conve.xly curved and prominent. The air content of the left 
lung field was diininhhed. The left anterior oblique view revealed a prominence of the 

•From the Chester County nosjUt.a!, tVe.st Cho.“ter. Pn., and t?je Department.*! of 
Medicine anil Ro'-ntKenolofc-y. Tc-rople University School of Medicine, Pidiadelphla. Pa. 
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descending thoracic aorta dorsad, ivitli poor definition of its contour because of the 
diminished contrast. TJie second bedside roentgenogram was taken seven days later, 
a few hours preceding the patient’s death. A very marked, rather sharply defined, 
bulging prominence was noted in the cranial portion of the descending thoracic 
aorta. Its level coincided exactly with the area of pulsations in the left interscapu- 
lar space. 

Death occurred suddenly on tlie eighteenth day of the illness. The clinical diag- 
nosis was hypertensive atherosclerotic cardiovascular disease with dissecting aneurysm 
of the aorta. 

Fost-Mortem Examination on June 11, 1936 (Dr. I. P. P. Hollingsworth). The 
heart weighed 490 grams. There was marked left ventricular hj'pertrophy and 
dilatation. The coronary arteries showed thickened walls, with plaques and dimin- 
ished lumina. There was no evidence of thrombosis or infarction. The valves were 
normal. The entire thoracic aoita was moderately widened; the innominate artery 
was dilated, and its walls were thickened. The aorta, particular!}' the abdominal 



Pig:. 1. — Roentg-enogranis, anteroposterior projection. The criteria for comparing- 
cori'cctlj' tlie two films are not completely fulfilled. The development of a bulging 
prominence in the course of tlie descending thoracic aorta, however, is clearly dem- 
onstrated. There is also a marked widening in the area which corresponds to the 
innominate arteiY- 

portion and all main branches, showed advanced atherosclerotic changes with cal- 
careous plaques. There were thrombi in both iliac arteries. At a point 15 cm. from 
the aortic valve was the beginning of a large dissecting aneurysm which extended 
do-wnward for 15 cm. This area bulged distinctly, showed a dark discoloration, and 
the external coat of the aorta was thinned. On the lateral and posterior aspect a 
rupture 0.25 cm. long had occurred. The diameter of the aorta at the point of rup- 
ture was 7 cm., the average diameter of the aneurysmal sac 5.5 cm. The left pleural 
cavity was completely filled v-ith blood. There was a heraorrliagic retroperitoneal 
infiltration at the left side, following the sheaths of the muscles, extending well up 
on the lateral abdominal wall. It was thought that this infiltration had occurred 
from the pleural cavity at the root of the diaphragm, no other aortic or arterial 
rupture having been found. The kidneys were slightly enlarged, with roughened 
surface. On section they were of pale pinkish color with poorly defined cortico- 
medullary boundary. 
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2tIicroseopie Study; Aneurvfim — the muscular coats of the media were markedly 
separated by hemorrhagic infiltration. Kidneys — chronic glomerulonephriti.s and 
arteriosclerosis. 

nr.scussrox 

As to the clinical pictni-e and the pathology ol' dissecting aneurysm, 
the reader is referred to the monograph of Shennaid and to Ihe article 
of "Weiss,* in which there are ample references. 

In our ea.se we considered in differential diagnosis cardiac infarction, 
pulmonary infarction, and di.s.secting aneiuysm of the thoracic aorta. 



Fig. 2 . — I’o.st-inortcm ^■pccimc•n. Tiic lower probe into tin; lumen of the 

aorta. The probf to tlic right Indicates tlio place whore tins <1f.«Hectlng aneurysm 
nipturial Into the left pleural cavity. 

The la.st diagnosis wa.s established because of the type of pain, persist- 
ence of high blood ])ressnrc, absence of electrocurdiograpliic changes 
eiiaracteristic for cardiac infarction. Full certtiinty was gahuid because 
tin area of pulsation was ohseiwcd to jtppear in tiie hack and to move 
laterally. The second roentgenogram permitted a vi.sualiimtion of the 
rapid progression of the aneury.smal bulge at that level. It was not 
.studied, however, until the patient had died ttnd t<> this extent did not 
inflnence liie already estaiilished diagnosis. 
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The observation oi a rapidly sliifl.ing (increasing) area of pulsation, 
indicating the development of a dissecting aneurysm, has apparently not 
been reported before. In Wyss’ ease'^ there was a pulsating area present 
below the right clavicle. It increased slowly in tlie course of many weelcs 
and the post-mortem examination revealed a dissecting aneiuysm, 12 erii. 
in size, starting 6 cm. above the aortic valves. Such a slow increase may 
be found in connection witli an aneurysm of the ordinary variety. In 
Bahrdt’s case,^ with correctly diagnosed dissecting aneurysm of the 
abdominal aorta, there was present a pulsating tumor the size of a hen’s 
egg above the navel. 

A number of recent articles dealing vdth proved eases of dissecting 
aneuiysm of the aorta provide roentgenological descriptions, and most of 
tliem illustrations also.-- Kienboek and Weiss’ case*^ is convincing 
but was not verified anatomically. In order to understand tlie varying 
roentgenological appearance, a very short anatomical discussion is 
needed. The size, extension, and amount of circular dissection vary 
greatly. Eupture near the aortic arch is common, and the dissection 
may travel distaUy or proximally. Tlie newly formed blood path may 
almost completely encircle tlie aortic tube, tlius forming a case or coat. 
More frequently only half to two-thirds of the circumference is involved. 
Thus it may come to lie essentially in a frontal or sagittal plane of the 
aortic vessel proper. The form may be either saecular-cireumscript or, 
more often, cylindrical-diffuse. 

A marked fluid collection in the pleural cavity or a diffuse extravasa- 
tion of blood into the mediastinal tissues can easily interfere so that the 
roentgenological diagnosis becomes impossible. With the dissection ex- 
tending between the brachiocephalic vessels or almost entirely encircling- 
portions or the entire lengtli of the thoracic aorta, the differentiation of 
a simple dilatation or cylindrical or saccular aneury.sm of the thoracic 
aorta is impossible. An exception to this general statement must be 
made. The aorta may contain lime salt deposits, and its contour will 
then be visualized as a denser, linear sliadow within a larger, usually 
c.ylindrical, but occasionally globular, and otherwise homogeneous shadow 
mass. If the newly formed aneurysm involves only a part of the cir- 
cumference of the aortic vessel and has a predominantly lateral location, 
with respect to the direction of projection, it will be visualized as an 
outer, lighter shadow, usually of fairly even width, superimposed in a 
shell-like fashion upon the aortic shadow proper. The latter then ap- 
pears as a more dense nuclear shadow, the size and shape of which is 
commonly, though not necessarily, altered in the sense of dilatation, full- 
ness and tortuosity. Again, lime salt deposits may form a line of de- 
marcation. 

Dissecting aneurysm of tlie aorta has seldom been correctly diagnosed 
in the past, but tliis is clianging recently. Thus Shennan^ accepts six 
cases^' in his analysis of 300 ca.ses up to and including 1932. 
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'SVc, reject one“ but add another.’^ Since tlien there have l)een ten addi- 
tional eases.-’ Thi.s, then, is the seventeenth case eorreetlj’ 
diagnosed. 

SUMMARY' 


A case Avitli di.sseeting aneurysm of the thoracic aorta is reported in 
wJiieh the correct diagnosis was e.stabli.shed. 

A new diagno.stic sign is described, eonsi.sling in the ai)pea ranee of an 
area of pulsation whicii .shifts rapidly; a.ssocialcd witli it is the rapid 
change in the roentgenological appearance of the aortic shadow. 

The roentgen findings in general are discussed. 

The cases in which the diagnosis was correctly made ai-e cited. 
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THE CLINICAL VALUE OF COMPARATIVE MEASUREMENTS 
OP THE PRESSURE IN . THE FEMOR AL 
AND CUTBITAL VEINS^ 

Eugene B. Ferris, Jr., M.D., Cincinnati, Ohio, and 
Robert W. Wilkins, Jil.D., Boston, Mass. 

' I ’HE USE of accurate methods for measuriug systemic venous pres- 
sure lias resulted in a definite increase of our knoAvledge of cardiac 
failure, particularly failure of the right ventricle. Li additiou, accu- 
rate measui’emeuts of venous pressure in both arms have been shown 
to he of value in locating lesions in the upper mediastinum which 
obstruct the superior vena cava, the innominate or the subclavian 
veins.^’ ^ When such lesions exist, however, the venous pressures as 
measured in the arms obviously are of no use in estimating tlie degree 
of heart failure. Villaret and Desoille- and others^’ have demon- 
strated the importance of comparative determinations of venous pres- 
sure in both the arms and the legs when lesions press upon or obstruct 
the inferior vena cava. They liave pointed out that in conditions such 
as pregnancy, ascites, and tumors of the abdomen, the pressure in the 
leg veins is high but is normal in the arm veins. Aside from these 
reports, the diagnostic importance of comparative venous pressure 
measurements has received little attention. The purpose of this paper 
is to demonstrate the clinical value of comparative observations of the 
pressure in the cubital and femoral veins and to describe instances in 
which puncture of the femoral veins has been particular!}' useful. 

EEiMORAL VENEPUNCTURE 

Puncture of the superficial veins of the legs may be difficult if not 
impossible, especially when there is edema or obesity. Puncture of the 
femoral vein, on the other hand, because of its constant position in 
relation to well-recognizable anatomical landmarks, is an easy proce- 
dure and has been used in several clinics for a number of years.^’ ~ 
It may be used not only for the measurement of pressure in a vein 
draining directly into the inferior vena cava, but also for the removal 
and administration of blood or other fluids. In iireparing to punctui’e 
the femoral vein, one locates the pulsation of the femoral artery in the 
groin below Poupart’s ligament. The skin is cleansed with alcohol 
and an area just medial to the artery is infiltrated with novocaine. 
An 18 or 19 gauge needle, 1% inches long, is then inserted through the 
skin and guided toward a point approximately 1 cm. medial to the 
maximal arterial xmlsation; the needle should be directed upward and 
at an angle of about 60 degrees from the jilane of the skin. By main- 

*Froni the Thorndike Memorial Laboratory, Second and Fourth Medical Services 
(Harvard), Boston City Hospital, and the Department of Medicine, Harvard Uni- 
versity Medical School'; and the Department of Internal Medicine, University of 
Cincinnati College of Medicine. 
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tainin" a slight negative pressure in the syringe, blood will appear 
the moment the vein is punctured. If the artery is continually palpated 
during this procedure, the position of the neighboring vein can be more 
accurately localized. Should the needle pass through or medial to the 
femoral vein, the pubic bone will be encountered. The femoral arterj* 
maj' be inadvertent!}' punctured, but no harm will result if the needle 
is withdrawn and firm pressure maintained over the area for two or 
three minutes. The dii'ection of the needle should not be changed u'hile 
deep in the tissues because of the danger of tearing the arterial or 
venous wall. Solutions ■which are prone to cause thrombophlebitis 
should not be administered by this route. 

METHOD or MEASURING VENOUS I’RESSURE 

The direct method of iMoritz and von Tabora^ has been used to obtain 
venous pressures. A description of a simple and practical modification 
of this method for measuring the pressure in the cubital veins can be 
found elsewhere.^ This method consists in using a graduated manom- 
eter connected by means of a three-way cock ■with a needle and a 
syringe containing normal saline solution. The pressure in the femoral 
veins can be obtained best by including a rubber tube between the 
manometer and the .syringe, thus giving the system more flexibility. 
The patient should be placed in a horizontal iiosition udien po.ssible. 
and it is essential that he be relaxed. The venous pre.ssure as meas- 
ured in the manometer is related to the maiiuhrium sterni by means 
of a .spirit level, and in turn to the rigid auricle by adding 5 cm. which 
is the average distance that the aui’icle lies below tlie manubrium. Our 
observations indicate that the normal venous jiressure range is from 
4 to 10 cm. of Avater, u'ith an average of G cm. of water. 

('EI.VICAE OBSERVATIONS 

Durimr the past two years we have routinely made comparative 
direct measurements of venous pi'essure in the femoral and cubital 
veins in cases in which the history or phy.sieal findings suggested the 
possibility of an elevation of venous pressure, due either to an obstruc- 
tion or to questionable cardiac failure. The following examples illus- 
trate the types of eases ob.served and the information obtained from 
venous ])re.ssure determinations. 

Casi: E — K. F„ an eiglity-eiglit-year-old woman, entered the Ho.«ton City HoKjiital 
••oinpiaining of mild <ly‘ij)nea, wcaknc.s.«, and attacks of palpitation for one year. 

had lost convidontble weight. Examination revealed that she wn.s dyspneic but 
not orfliopneic. The neck vein? were slightly di.stended. There was no tumor in the 
neck. The heart rate was 120 j)er minute, the rhythm gros.sly irregular, and the 
blootl pressure IbtV-I'h The periplicnil pul.‘-c was bounding and the e.xtreniitiec ivore 
warm. There w.as no edema. The hi.«lory of palpitation and loss of tveighf and the 
findings of v.Tirai extremities and a Large pulse pressure ,-uggesled liyfHTthvroidifitn, 
.''’irtec the pressure was found to }<> in.,"; cm. of water in the cubital veins and onlv 
o era. in the femoral tcins, the diagnosis of a subsfemal thyroid with slight .superior 
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caval obsti'uction. was entertained. This was later confirmed bj' x-ray examination. 
The basal metabolic rate was +35 per cent. Because of her age and the danger of 
tracheal collapse, operation was rejected in favor of iodine and deep x-ray therapy. 
The basal metabolic rate came down to +17 per cent, and .she was allowed to go 
home. Four months later she reentered the hospital mth bronchopneumonia and 
empyema from which she died. Autopsy revealed a large adenomatous thyroid 
weighing 300 gm., Avhich filled a large part of the upper mediastinum. 

Differential venous pressures were of aid in determining the presence and the 
location of a' mediastinal tumor in this ease. 

Case 2. — C. H., a twenty-six-year-old male, entered the Boston City Hospital be- 
cause of weakness, substernal oppression, djAspnea, cough, and hemoptysis for three 
weeks. There was no orthopnea. Physical examination revealed marked distention 
of the veins of tlie neck and arms, and dilatation of the superficial venules of the 
thorax. There was slight cyanosis of the face, lips, and fingernail beds. He had 
definite gA'neeomastia. There were .signs of consolidation at the apex and of fluid 
at the base of the right lung. In addition to these findings, x-ray films showed the 
presence of several areas of density' in the left lung. Although the .syndrome of 
acute superior vena caval obstruction was fairly obvious in this case, the possibility 
of inferior caval obstruction or of superimposed cardiac embarrassment could not 
be entirely ruled out. The venous pressure was found to be 23.5 cm. of water in 
the right arm, 23 cm. in the left arm, and only 4.5 cm. in the femoral vein, clearly 
indicating a .superior mediastinal obstraction involving the superior vena cava but 
not affecting the inferior cava or the cardiac function. The urine was later found 
to contain large amounts of prolan B, and in the ab.sence of te.sticular abnormality 
a diagnosis of primary mediastinal cliorionepithclioma was made. At autopsy the 
diagnosis was confirmed, and the location of tlie tumor was found to agive with the 
clinical impression. The mass completely filled the upper mediastinum, and tumor 
tissue had invaded the lumen of tlie superior vena cava, causing almost complete ob- 
struction. The inferior A’ena cava was not involved either through encroachment or 
invasion by tumor tissue. 

Case 3. — ^N. H., a forty-five-year-old male, was admitted to the Cincinnati General 
Hospital complaining of progressively enlarging abdominal veins for two months. 
For two years previously he had had a chronic cough with moderate amounts of puru- 
lent sputum. During this period the diagno.'^is was tliought to be either chronic 
lung abscess or encapsulated empyema because a small amount of pus had been 
obtained from tlie right chest by thoracentesis. Pliysical examination revealed an 
undernourished male, comfortable in bed with no orthopnea or dyspnea, Tlie veins 
of the neck and arms appeared moderately distended and tense. A large plexus of 
dilated, tortuous veins was seen over the entire abdominal wall and lower part of 
the anterior chest (Fig. 1). The direction of flow was difficult to determine. The 
left lung was normal, but there were flatness and absence of breath sounds over the 
entire right lung, with some retraction of the trachea and heart to the right. The 
heart was essentially negative; blood pressure 132/86. The abdomen was negative 
to palpation. Both saphenous veins were prominent, but appeared thrombosed be- 
cause no blood could be obtained from them. Venous pressure measurements at the 
time of admis-sion were median cubital vein (both arms), 35 cm. of water; 
abdominal vein at center of plexu.s, 22 cm. ; and femoral vein, S.O cm. X-r.ay 
studies showed a complete atelectasis of the right lung. Bronchoscopic exam- 
ination demonstrated an occlusion of the right main stem bronchus at its bifurcation. 
Biop.«y specimens were unsatisfactory, but a clinical diagnosis of advanced bron- 
cliogenic carcinoma was made. Before differential venous pressures were available, 
there was considerable discussion as to whether the patient had suj)erior or inferior 
caval obstruction or both since the direction of blood flow in the abdominal veins 
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was difficult to defenuino. The value of these dctcnninations in localizing the lesion 
in the upper mediastinum is obvious. It should be pointed out that the appearance 
of anastomosing abdominal veins does not belp in differentiating superior from in- 
ferior caval obstruction as the same veins are involved in either case. 

Tlie patient died four months after admission to the hospitol. Autopsy showed 
extensive carcinoma which appeared to Irn primary in the right mam stem bronchus, 
whore it caused complete occlusion. The entire right lung was inelastic and tilled 
with multiple small abscess cavities. The growth had extended to the superior vena 
cava, which was completely occluded from its entrance into the right auricle to a 



FIs'- 3. — Fliolocrnp!! of N. H. (Case 3) sliowinfr the venous annstomo.slB which rc- 
.suU<*il from superior v<ma caviil obstruction. 

pomt about 3 cm. Isdow its bifurcation into the innominate veins. The inferior 
ven.'t «-ava wfis patciif throughout. Jt i.-- of interest that in both this and (he pre- 
cc.ding case the cava! obstraction was liroiight about by extension of the tumor into 
the Snmen of the vein. 

C.\sr. •5.-— II. :i tbirty-four-year-old mal<-, ealeieti tin- Hoston City Jlosjntal 
complaining of im'rca«ing dysjjnen, hoarseness, and cough with smtiU amounts of 
whiSisli sputum for two months. For two wwlcs he had li^en unable to .sleep at night 
ls:'ca5ise of orUsojawa and .attaf-hs of smothering. He also complained of a constant 
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dull stibsternal ache of ten days’ duration. Examination revealed a u’ell-nourislied 
man with' moderate cyanosis and severe respiratory distress of Cheyne-Stokes charac- 
ter. There was engorgement of the veins of the neck and arms and distention of 
the venules on the anterior chest. There was nothing remarkable about the leg veins. 
Except for moist rfiles at both bases, the lungs were clear. The left border of the 
heart was 11 cm. from the midstemal line, while the right border was at the sternal 
margin. There was a gallop rhythm but no murmurs. The heart rate was 110; 
rhythm, regular; blood pressure, 110/80. The abdomen, extremities, and reflexes 
were normal. 

On the basis of the history and physical signs, suggesting a substernal lesion ob- 
structing the superior vena cava, involving the recurrent larjmgeal nerve, and em- 
barrassing the heart and respiration, a provisional diagnosis of an upper mediastinal 
tumor was made. Simultaneous direct venous pressure determinations revealed a 
pressure of 17.5 cm. in both the femoral and cubital veins. This finding definitely 
ruled out a single upper mediastinal lesion and pro%’ed that the difficulty was cardiac 
in origin, either j)ericardial, myocardial, or endocardial, or a combination of these. 
An electrocardiogram showed left bundle-branch block and T-wave changes of sevei-c 
myocardial disease. Fluoroscopy revealed no evidence of pericardial effusion or 
adhesions. With rest in bed the patient improved and venous pressures dropped to 
9.5 cm. in both arms and legs. The etiology of the myocarditis remained ob.scure. 

Tliis case illustrates tlie fact that mere inspection of the veins, espe- 
cially the leg veins, is of little value in estimating the venous pressure. 
It also demonstrates the necessity of comparative venous pressures, 
not only in the arms, but also in tlie legs in order to rule out superior 
caval obstruction and to establish the diagnosis of cardiac decom- 
pensation. 

Case 5. — J. D., a fifty-two-year-old male, entered the Boston City Hospital com- 
plaining of intermittent smothering sensations, hoarseness, and pain in»the left 
shoulder for three years, and of painful swelling and contracture of the fingers of 
the left hand for tivo months. Pliysical examination revealed a well-nourished, ap- 
prehensive man, comfortable when flat in bed. At times he talked in a hoarse voice 
and he also had an intermittent dy.spnea in bed. Heart, lungs, and abdomen were 
normal. There was marked limitation of motion of the left shoulder with spasm 
of the pectoral muscles. The fingers of the left hand were contracted and cyanotic, 
and the hand was moderately edematous. Some observers thought the left arm veins 
were distended. Direct venous pressures were the same, 9.5 cm. of water in both 
of the cubital and the femoral veins. This definitely ruled out a venous obstruction 
as the cause of the complaints in the left arm and hand and also cast grave doubt on 
the presence of a substernal lesion as a cause of his hoarseness and smothering. It 
developed that he had been known for yeans, by many hospital admission.^, as a 
hysterical individual. He had lately been selling medical books which he had read, 
with the result that he had a surprising store of odd medical facts. X-ray films 
revealed hypertrophic arthritis of the left acromioclavicular joint. Larjmgoscopy 
showed a normal larjmx. With orthopedic treatment and strong psychotherapy his 
symptoms subsided. 

Case C. — E. W., a fifty-sLx-year-old male, entered the Cincinnati General Hospital 
complaining of swelling of the legs for tliree months, dyspnea on exertion for two 
months, and nocturnal attacks of dyspnea for three weeks. Ten months before this 
admission he had had a transurethral prostatic resection for the relief of urinary 
retention. A bibpsy at that time revealed carcinoma of the prostate. Physical ex- 
amination showed . a poorly nourished male propped up in bed, with rapid, but not 
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labored, respinif ion“. The veiny of flic arms ■were distended but appeared to eollapse 
at a normal distance above heart level. Percussdoa re'vealed the left border of the 
heart 14 cm. from the midsternal line. The rh3-thm was refpilar, and there were no 
sifOiificant murmurs. The blood pressure was l2!^/92. There were sipis of bilateral 
Imlrothorax. The liver was not felt. There was marlced edema of the lej^s and 
trunk. In the left scrotum there was a fluctuant swellinfi; about 10 cm. in diameter. 
Xnrnerous enlargf'd firm nodes wore palpated in both in^minal regions. On rectal 
examination a larpe irregular mass was fell anleriorl\'. 

Uecause of the histoiy of dependent edema, d\'spnea on exertion, and parox.vsmal 
nocturnal dj'spnea, the patient was thought on admission to hax'e congestive f.ailure 
independent of prostatic carcinoma and was treated with digitalis and diuretics. Also 
• lOO c.c. of fluid were removed from the left chest and 050 c.c. from the right. This 
fluid had the character of a transudate. These procedures relieved the dj'spnea out 
of proportion to the edema which was still marked ten dav's after admission. Venous 
pressures at this time were 5 em. of water in the cubital veins, 29 cm. in the right 
femoral vein, and 2.1 em. in th{> left femoral vein. 

X-Ta\' studies revealed infiltrative lesions throughout both lung flelds and extensive 
bone metastases, both osteoclastic, .and osteoblastic in nature, Laborator_v studios 
showed a seeondar.v anemia, a negatix'C blood Kahn reaction, and a total serum 
protein of S.7 grams per 100 c.c. 

Tlie venous pressures in this case cloarh' established the presence of a local venous 
obstruction as the princijial cause of the edema of the lower part of the bodj'. To- 
gether with the x-ra.v findings, tliei* also made it fairl\- certain that the lung metas- 
tases and pleural etTiisioris, rather than eardiac failure, were responsible for the 
d.vspnea. 

C.vsr: 7. — }ir. Q., a fifty-year-old male, entered the Poston City Uosjiital because 
of ascites and edema of the legs which resulted from alcoholic cirrhosis of the liver, 
later proved at autops.v. The abdominal fluid reacirumulated so rapidlt’ that fre- 
quent jibdominal t.aps were necessarv. Simultaneous (hderminaf ions of the venous 
pre.ssiire in the cubital jmd femoral veins Avere made before and after removal of the 
fluid on ciglit 0'’casious. Jteponding on the tenseness of the abdominal Avail, tlie 
femoral A'enoiis pressures, before tajiping. Kinged from 17 to 24.5 em. of water. 
After rcmoA-.'il of as much fluid as possible thev fell to from 10 to 12 cm. of Avafer, 
The pressure in the mediaa cubital A-ein Avas iinaffected Iia- remoA’al of the fluid and 
remained at a normal level of 7 to S cm. of Avafer. Further observations demon- 
strated that the height of the jiressure in the femoral vein avus directly related to the 
intra-ahdorninal jircssure. Wdieu a feAV hundred cubic centimeters of fluid Avere re- 
movi><l, there aa':is a drop in A'tuious pressTire out of jiroportion to the amount of fluid 
remOA'cd. This initial drop coincided AA’ifli a relaxation of the anterior abdominal 
wall, and thereafter the A-enous jiressure aj»}>eared to equal the liA'drosfatic pressure 
of the awritir fluid alone. Thus Avhen a manometer Avns attached to the panieOTifesis 
Iro-.’ar the ascitic fluid ro?-e seA’cral inches within the tube onl.v .as long as the ab- 
dominal Avail Avas teiiw, Correspondingl.'*, the pressure in the femoKil vein approx- 
imate,! ilje lev(d to Avhicli tliis fluid rose. As fluid A'.-.as removed, the exce.s.^lA-e tension 
on the als.iomiiial Avail Avas quiekU' reiicA-cd, and the fluid level fell Isdow the trociir, 
whit,.* the A-enotis jiresstire likewise fell rajdilh-. Thus, in aseiteu, the int ra-alslornina! 
and femoral A»nou,. prer-sures dejrfmd in part on the fen,,-ion of the alKlomina! wall 
a* A-.e!) rii. on the netua! amount of fluid present. 

(,’as:i: Ja. — K. H.. a fifty-year-old Avomnn, entered the Boston fktj- Ho.-jdta! itonijilafn- 
ing of painlc.s swelling of the alMlomen for one A'ear. There aaos mild dAvpneti on 
exetiioii but no f-rtfjopnea or titiy other ron.qdaint. The p:!,'t history Avas (uitiridy 
j'l-gTttiAc. Piiysiea! exaitiircition a Avell iaejnshed woman eomforfablc fl.at in 

l»-d with -tit,-*,! sA-anosis and marked di‘-tcnlio,n of fh*- ne<-k Aciti*', The lungs Avere 
t-P-tif i-s-'ejrt for high diaptirtigtns .and afelertatie jfdei, at the ln.se,., Tlie heart Avas of 
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normal size, ilie sounds of good quality, with a reduplicated second sound at the 
apex, but no murmurs. The rate and rhj'thin were normal. The blood pressure was 
135/80. The abdomen was markedly distended mth fluid, and the liver edge was 
felt 8 cm. below the rib margin. There was slight pitting edema of the lower legs. 
Laboratorj' studies revealed normal blood and normal kidney and liver function. The 
Takata-Ara tests on blood and ascitic fluid were negative. The electrocardiogram 
was normal. Fluoroscopy revealed slightly decreased pulsations of the heart, but 
otherwise no abnormality. 

The abdomen was repeatedly tapped to remove the rapidly reaccumulating fluid 
which had the characteristics of a transudate. Venous pressures immediately before 
the abdominal tap were Si cm. of water in the femoral veins and 33 cm. in both 
median cubital veins. Immediately after the removal of 9.5 liters of fluid the venous 
pressures were 20 cm. in the femoral veins and 18 cm. in the cubital veins. After 
the tap the vital capacity rose from 1,600 to 2,000 c.c. As the fluid reaccumulated, 
the venous pressures gradually returned to their prewous levels. 

The clinical picture was that of an active woman, free of symptoms except for 
swelling of tlie abdomen, with the peripheral signs of severe right-sided heart failure. 
The venous pre.ssures proved that the difliculty was cardiac, and in tlie absence of 
significant signs of valvular or mj’ocardial disease suggested constrictive pericarditis. 
She was seen in consultation by Dr, Elliott C. Cutler, who agreed to operate. At 
operation a dense tougli pericardium, 3 mm. thick, was found adherent to the heart 
ever 3 ’where bj* tougli adhesions, causing constriction. The pericardium was excised 
from the heart on all sides down to the venae cavae. She went through the three- 
hour procedure in excellent condition with pul.«e and blood pressure unchanged. The 
venous pressures throughout fell from a preoperative level of IS cm. of water to 
8 cm. of water postoperativeh'. 

This case illustrates the value of comparative venous pressure de- 
terminations in botli the arms and the legs in ruling out cirrhosis of 
the liver and in establishing the presence of a le.sion embarrassing the 
heart. The fall in venous pre.ssures as Avell as tlie rise in vital capacity 
after the removal of abdominal fluid in this case was interpreted as 
the result of the improved cardiac and respiratory function Avith tlie 
release of the intratlioracic pressure due to high diaphragms. Exactly 
the same observations Avere made in a second case of eon.strictive peri- 
carditis diagnosed clinically but not proved by operation or autopsy. 

Case 9. — E. N., a thirtj'-six-year-old male, was admitted to the Boston City Hospi- 
tal ’ivith a hi.«tory of drinking one-half pint of alcohol a day for two ,vears and a pint 
to a quart a day for three months. He had eaten a gros.sly inadequate diet which 
became more deficient, the more he drank. He complained of increasing d_vspnea 
for one month, dependent edema for three weeks, cough for ten days, and orthopnea 
with sleeplessness for one day. Examination revealed an apparently well-nourished 
man with severe orthopnea and massive edema of every dependent part. The skin of 
the hands and lower legs showed typical pellagrous scaly pigmentation. The neck veins 
were engorged. There Avere signs of congestion over the lower one-third of both lungs. 
The heart Avas enlarged to the right and left, and there was a bloAving systolic 
murmur Avith a gallop rhythm. The heart rate Avas 120 per minute and the blood 
pressure 110/50. The liver Avas palpated -i cm. beloAv the co.stal margin, but the 
spleen Avas not felt. Knee jerks Avere greatly diminished, and ankle jerks Avere 
absent. Laboratory studies revealed normal blood except for moderately lowered 
serum proteins: total protein, 5.2 gm. per 100 e.e. plasma; albumin, 2.92 gm.; and 
globulin, 2.28 gm. The Takata-Ara test on the blood A\-as uegatiA-e. Venous pressures 
in both arms and legs A\ere 26 cm. of AA'ater and rose on the third day to 32 cm. On 
this daj* the patient suddenly AA-ent into circulatory collap.se and died. Post-mortem 
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examinatjon. revealed marked dilaiation of the rigid heart, and mieroKeopic seetirmF 
showed edema of the myoeardiam, both finding? said to l>e typical of beriberi heart 
disease.-' 

The history and jnesenting symptoms in this case might sagge.st a protein- 
deficiency type of edema. The abnormal venons pre.=stire.= clearly demonstrated the 
presence of myocardial failure, confirmed at autop.y as the chief canse of death. 

Case 10. — S. 31., a forty-year-old male, entered the Boston City Ho.s 7 dta] com- 
plaining of increasing edemas dyspnea, orthopnea, and cough for one v.-eek. He Jmd 
had milder attacks of a similar natnre, consisting of dyspnc-a, rapid poilse, and edema 
for fire years. On physical examination the patient vras restles.? and slightly orthoje 
neic, with a re.spiratory rate of 40 per minute. There was ashen cyanosis of the lire-' 
and the nail bed,=, marked pallor of the face and extremities, and profuse svreating. 
The veins of the neck appeared distended, but the .superficial veins of the e.vtremities 
were completely collapsed and would not fill when occluded above. Tlie heart v.as 
enlarged, rate 150, but no significant murmurs were heard. The blocwl pres.s5ire could 
not be obtained by the anscnltatory method, apparently becau.se of the minate pa!.‘?'' 
pre.ssure. Palpation of the barely perceptible paise at the wrist, however, demon- 
strated the systolic pressure to be about 120 rain. Hg, The longs were nUed with 
rale.s, and there was pitting edema up to the hip.s. 

The pre.ssure in the cubital vein could not be obtained l.»ecaa.se the .superficial veins 
were bloodle.??, but the jmessure in the femoral vein was 41 cm. of water. In addition 
to having severe circulatory collap-se as evidenced by pallor, .sweating, re,?tlc-ssne.*.?, 
and wea-t pulse, there was advance*! congestive failure. The alrno.st complete ab.sence 
of blood fiow to the skin and extremitie.?, which L= so fresjnently the ca.=e in 
coll8p.se, plus the inability of the blood in the .super.ficial veins to fiow back- 
ward past the valves, probably acconat.® for the ab-serme of blood In the.se veins. 
In such in.stances, the central venous pressure can he obtained only in a large vein, 
such as the femoral, which communicates dire^Aly with the right auricle without in- 
terreution of ralve.s, 

C.tSE 11, — ^31. B., a iwentv'-nine-Tear-oid woman, entered the City Hospital 

comj^laining of profound muscular weakne.?.?, a red .=caly rash over the face and 
laiuekles for eight mouth.?, and generalized edenaa for four months. She was studied 
extensively and diagno.sed dermatomyositis bj' Hr. .T, C. Turner, who will report the 
case in Because of the marked generalized bra'.vny e<len 2 a, punmure of sufstr- 

ficial arm or leg veins was practically imi>m-:.?ible. The femoral vein wa? penetrated 
easily, and the t>re.s?nre found to be 10 cm. of water. .\t the same ti.me bloyl v.-as 
removed for chex.’iicai analy,sis. The femoral venepuncture in this ca-?e not only ruled 
oat cardiac failure as a factor in her edema, but aL?o fumi.?Iied blood for diagnostic 
.study, 

DI-SCU.=SIOX 

The .simplieitj' and the aceuraej' of dii-eet determination of the renou-s 
pre.ssure in the larger Tein.s make it a valuable diagno.stie aid in any 
ra.se in tvhich there i-s a q!ie.stion of a cirenlatoiw' disorder. In many 
iristance.s careful ob.servation of the superficial vein.s tvili give a fairh' 
accurate estimation of the pressure in these Telirs. Hov/ever, thi.s 
method cannot be applied to the veins of the legs v/ith any degree 
of aeeura-' 3 ', or even to the veins of the aims, in tlie presence of a ver;.' 
liigh venous pressure, venous thrombosis, edema, or obe.sitr'. A knowi- 
edge of the pre5.sure in both cubital veins enables one to detect an 
obstruction in either of the subclavian or innominate reins. Since 
normal];.’ the ptressure on the two .sides is the .same, any diiierence 
indicates an ob.struction. and the amount of the difereriee gi»'es an 
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estimate of tlie degree of obstruction. Likewise a Icnowledge of the 
pressure in botli the cubital and the femoral veins enables one to 
determine the location and degree of an obstruction in either the 
superior or inferior vena cava, or both. 

The femoral vein, because of its constant position, its large size, aud 
the absence of valves between it and the heart, offers at times the only 
practical site for the determination of systemic venous pressure or for 
the removal of blood. Leading as it does directly into the inferior 
vena cava, which in turn leads directly into tlie right auricle, tlie 
femoral vein is alwaj’-s well filled with blood under at least the same 
pressure as in the right auricle. Abnormal variations of pressure in 
the auricle such as occur with tricuspid regurgitation are freelj^ trans- 
mitted to the femoral vein without interference from values. A Icnowi- 
edge of the pressure in the right auricle is essential in order to estimate 
the functional state of the heart and tlie peripheral circulation. When 
the pressures are determined simultaneously in both the cubital and 
the femoral veins, the significance of the measurements is increased, 
not only in relation to the general circulation but also in relation to 
local obstructive lesions which interfei’e with venous flow. 

SUJIMARY 

1. A knowledge of the pressures obtained simultaneously in the veins 
of the arms and legs is of clinical significance. Cases are reported 
which illustrate the value of comparative measurements of the pres- 
sure in the cubital and femoral veins. 

2. The femoral vein may be advautageouslj' utilized not only for 
measuring the venous pressure but also for obtaining blood and for 
administering intravenous medication. 
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THE VALUE OP DIRECT VENOUS PRESSURE ESTIMATIONS 
IN AMBULATORY CARDIAC PATIENTS*' 


A. R. Berger, M.D. 

New York, N, Y. 

W ELL-DEFINED congestive heart failure presents a clinical pic- 
ture which is unmistakable. Preceding this state, patients usu- 
ally have subjective evidence of diminished cardiac reserve — namely, 
dj^spnea on effort and abnormal fatigue. Such symptoms, however, 
by their very nature are notoriou-sU' unreliable. They are exaggerated 
by the neurotic and apprehensive, and minimized by the stolid and 
phlegmatic types of patients. They may be caused by many conditions 
wholly unrelated to cardiac insufficiene 5 % 

Detection of the earliest objective signs of heart failure — if possible 
before subjective symptoms are partieidai-ly noticeable — is of extreme 
A'alue in the management of ambulatory cardiac patients. The pa- 
tient’s habits of living, or his medication, may be rearranged, or any 
other necessaiy therapy may be introduced to prevent, if possible, the 
development of failure. A search for objective phenomena includes 
the application of the following methods of approach : i-e.sponse to 
effort; determination of cardiac output, venous pressure, and vital 
capacity. 

Various procedures liaA'e been devised to increase the work of the 
patient in a standard manner in order to detect objective evidence of 
heart failure.^'” The criteria usually employed are the blood pressure 
and the heart rate. However, the complex phases of metabolism in 
muscular exercise and the effect of training come into operation. It 
is readily apparent that these te.sts merely record the efficiency of the 
vasomotor control of circulation and that they do not indicate true 
cardiac efficiency. Respiratory te.sts''"’* are subject to similar criticism, 
and additional complications exist in the form of diseases of the lungs, 
pleura, mediastinum, or of the respiratory musculature. In both types 
of te.sts, neurogenic or p.syehogenic factoi-s (fear and appreheii.sion), 
and deliberate malingering are potent sources of error. 

Although the heart has long been compared to a pump, it is e.x- 
tremely difficult to determine the efficiency of this biological machine 
by means of cardiac output. It is not possible to make direct observa- 
tions in man without a certain amount of hazard. Ever since tiie work 
of Pick in 1870, interest has been stimulated in the gasometric determi- 

•From th<! Of-pailment of Medicine and Therapeutlc.‘«. Xew York IJniver>ilty Collegre 
<>f Medicine, the Third (Xew York I'nlver.sity) Mwllcal Division of Bellevue Honpltal. 
and the Cardiac Clinic of Bellevue Ho.«pitaI. 
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nation of cardiac output. Tlie original method and its subsequent 
modifications are rather complicated and require a highly specialized 
technic. Inadequate mixture in the lung-bag s^'stem and failure to 
obtain equilibrium between the gases iu the alveolar air aud those in 
the blood introduce errors. As Grollman^ has pointed out. there are 
inaccuracies in determinations in normal subjects, and there may be 
an elevation of even 25 per cent becau.se of psj^ehic disturbances. The 
onlj’' advantage which the indirect method recently described by 
BazetG® has over the respiratory method is its applicability to very 
ill persons. 

Physiological stud.y has shown that within certain limits increasing 
the initial tension on skeletal muscle during contraction increases its 
work done. Patterson and Starling^^ and Straub^- have demonstrated 
the same facts for cardiac muscle. The initial load in the ventricle 
just prior to systole is the pressure of the blood within it. This is 
determined by filling from the aiu’icle, which, in turn, is modified by 
venous return and venous pressure. Hence, the peripheral venous 
pressure bears a linear relation.ship to the initial intraventricular 
Ijressnre. 

If the “backward-failure” hypothesis of Hope (the evidence for 
which is considered comprehensively by ITarrison^*^) is accepted, tiie 
measurement of venous pressure, on theoretical grounds, should prove 
the best objective evidence of early failure. As stated by Byster,^^ 
“careful and frequent determinations of venous pressure show that 
the changes in pressure in many eases precede the changes in .symp- 
toms and signs, and may thus serve as an indicator of impending 
change.” In the case of the right ventricle it is simple to measure 
the venous pressure. The venous pressure in the pulmonary circula- 
tion, which conditions the initial left intraventricular pre.ssure, cannot, 
however, be determined in man. For this reason, the vital capacity 
may be .studied to detect early left ventricular failure. 

It Avas hoped that these two objective signs— peripheral venous pres- 
sure and vital capacity — might furnish early evidence of failure so 
that treatment could be instituted promptly before clinical failure 
developed. With this in mind, the folloAving study ivas undertaken. 

MATERIAL 

The results embodied in this paper were obtained from an intensive 
study (over a period of four years) of 68 male patients in the adult 
cardiac clinic of Bellevue Hospital. The distribution according to 
etiology and I'hythm is shown in Table I. 

The rheumatic group includes tho.se patients without any history of 
the manifestations of rheumatic fever but in whom, nevertheless, tlie 
typical structural changes of rheumatic heart disease are found. In 
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the group designated arteriosclerosis and unknown, the unknown 
factor is most imobahly an antecedent hj^oertension. The ^‘hyperten- 
sion- — unknown (rheumatic) ” group includes two patients who have 
mitral stenosis and insufficiency so that the unknown factor here is 
considered to be rheumatic fever. The “unknown” group comprises 
patients with organic heart disease without any definitely ascribable 
etiology. The other group labels are self-explanatory. All the patients 
with the rheumatic type of heart disease, thirty-three in number, have 
mitral stenosis and insufficiency, and nine also have aortic valve dis- 
ease (seven with aortic insufficiency and two with aortic insufficiency 
and aortic stenosis). The diagnoses of tricuspid or pulmonic disease, 
or adherent pericardium, were not made clinically, nor were they 
encountered in the eases which came to necropsy. Tlie ages range 
from twenty-two to seventy-nine j’-ears. 

The control group includes twenty male patients convalescent from 
minor ailments. They are selected only so far as thej’^ show no evidence 
of organic heart disease and they parallel the age group of the pa- 
tients’ series. 


METHOD 

The method* is a modification of the one described bj* Sloritz and 
von Tabora.^^ The apparatus consists of a manometer capable of 
being adjusted so that its zero reading is in the same horizontal plane 
as the right auricle. In the recumbent position, the level of the right 
auricle is considered to be in the fourth intercostal space, 5 cm. below 
the sternum. A three-way stopcock connected to a syringe and to the 
manometer insures proper cannulation before the manometer is put 
into communication with the vein. The system contains a sterile 5 per 
cent sodium citrate solution and the needle is 1 inch long and of 18 
gauge caliber. The vein usually used is the median basilic or a major 
tributary. All constricting upper garments are removed. A basal rest 
period of at least fifteen minutes, in which the patient remains abso- 
lutely quiet, flat on his back, precedes the test. All readings are 
checked, and a Valsalva experiment is performed each time. Heart 
rate and respirations are recorded at the same time and ratal capacity 
is determined the same evening. The patients complained of no dis- 
comfort when the operator was sufficiently skillful. 


*Befoi'e undertaking: this investigation. Dr. Erna Enderle and Dr. SI. S. White 
made a preliminai-j- sui-vey of the relative ease and merits of the indirect and direct 
methods of venous pressure determination. One hundi-ed unselected patients, represent- 
ing the population of a general medical service, male and female, young and old, 
cardiac and noncardiac, were studied. Following a basal rest period of fifteen minutes, 
during which it was noted that no marked variation occurred in hoai-t and respiratory 
rates, venous pressure was determined first by the Eyster method, and then irnme- 
diatelv afterward bv the modified Moritz — ^\'on Tabora method. In 32 patients, no 
suitable (visible) ve'in could be found. Of the remaining 68 cases, venous pressures 
could be obtained bv the indirect method in only 51 because of various difficulties 
with the apparatus, ‘a reading was obtained by the direct method in all 100 patients. 
In none of the 51 cases with indirect and direct pressure readings was any e.vact 
coincidence noted. Because of its ease, accuracy and reliability, the direct method 
was selected for use in the present study. 
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RESULTS 

The results obtained from the study of a grou}) of 20 normal indi- 
viduals are summarized in the first column of Table II. These observa- 
tions were made at about the same time each day under the same 
controlled conditions, namely, rest period of fifteen minutes, and heart 
and respiratory rates showing only very slight fluctuation. Fifteen 
eases show a range of 2.9 cm. or less between minimum and maximum ; 



1. — Typical case of rheumatic heart disease, with mitral stenosis and insuffl- 
fiencv and auricular fibrillation. Vital capacity (V.C. ) in percentage of normal 
(according- to the Peabodv scale), venous pressure (V.P.) in centiineters of -water, 
weight (IVf.) in pounds, 'and the degree of peripheral edema are plotted for each 
clinic visit. 


14 eases range from 3 to 5.9 cm. ; and one case ranges between 6 and 
8.9 cm. Case 19 shows the fluctuation over a nineteen-minute interval 
of continuous observation. Cases 21, 22, and 23 illustrate the changes 


CASE 19 

CASE 21 


CASE 22 


CASE 23 

6:20 9.4 

10:30 A.M. 

S.5 

10:30 A.M. 

4.0 

4:15 4.2 

6:22 8.3 

11:30 A.M. 

9.0 

11:00 A.M. 

4.1 

4:45 4.1 

6:25 6.5 

meal 


meal 


meal 

6:27 7.4 

12:15 P.M. 

6.2 

2:45 P.M. 

2.2 

5:30 3.6 

6:28 7.2 

‘ 12:45 P.M. 

6.0 

4:00 P.M. 

2.2 

5.45 3.4 

6:29 6.7 

4:00 P.M. 

8.4 

4:30 P.M. 

3.0 

6:15 4.3 

6 :30 .6.0 



5:00 P.Jf. 

4.4 



6:33 6.1 
6:36 6.2 
6:39 6.3 
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during tlie day and also suggest that meals may influence venous pres- 
sure, contrary to tlie statement of Eyster.^^ 

The remaining columns of Table II summarize the results of the 
study of 68 patients. They az-e tabulated according to etiology and 
rhythm. Although the group as a Avhole has well-advanced heart dis- 
ease, a reading is not included if the patient was considered clinically 
to he in congestive failure at the time the determination was made. 
Al l the patients are well digitalized and the factor of heart rate is 
controlled. The respiratory rate did not show aii}^ significant change. 



Fig-. 2. — Typical case of liypcrtensfve-arterlosclcrotic heart df.sca.sc with auricular 

flbrillation. 

The average venous pressure for the group as a whole is essentially 
the same as in the control group — 1.6 cm. for the cai’diac patients 
against 7.7 for the normal subjects. The fluctuation between minimum 
and maximum is greater than in the normal series. Within the series, 
the rheumatic-liypertension-arteriosclerosis group has the highest level 
of venous jn’essure (10.7 cm.). The numerically lai’gest gi'oup (rheu- 
matic Avith 29 eases) has the next highest level (9.2 cm.), and this is 
above the normal group value, 

Pigui-es 1 and 2 are taken from two typical eases. Vital capacity, 
weight, edema, and venous pi'cssure are plotted for each visit. These 
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cases illustrate a finding noted on several occasions, namely, an inex- 
plicable rise in venous pressure, unassociated ‘with any change in the 
patient ^s immediate condition or in his subsequent course. 

The effect of cardiac rate and rhythm on venous pressure wlien these 
factors qiroduce congestive symptoms has long been appreciated.^^ 
Fig. 3, taken from the ease of auricular flutter, illustrates the effect 
of carotid sinus pressure. The ventricular rate was reduced from 120 
to 60 and the venous pressure dropiied from 10.6 cm. to 4 cm. This 
obserA'-ation was repeated once at a later date. 



Fig'. 3. — Case of auricular flutter of ten years’ duration. The effect of carotid sinus 
stimulation on venous pressure is shown. 

Although patients showed sporadic elevation of A^enous pressure 
AAdthout congestiA’^e failure, there Avas a distinct correlation betAveen a 
sustained rising A'enous pressure and the appearance of failure, as 
noted b}'" Eyster. HoAveA'’er, the usual clinical signs were apparent at 
the same time that the jiressure first became eleA^ated. Case 71 had 
clinical evidence of AA'ell-defined failure Avith a pressure of 8.1 cm. 
On at least ten other occasions, his pressure Avas oA^er this Amlue, 
ranging up to 11.0 cm. Thus, this case might be considered to be one 
of failure in the absence of any marked elevation of venous pressure. 
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In Case 45 the patient was in congestive failure on Feb. 23, 1933, with 
a pressure of 13.7, 3 ’et on Aug. 24, 1933, with a pressure of 13.6, he 
apparent!}^ was entirelj' free from clinical symptoms. 

There wei*e four cases in Avhich negative venous pressures were ob- 
tained, three in the arterioselero.sis and hj’^pertension group, and one 
in the arteriosclerosis and iinlcnown group. 

DISCUSSION 

A critical evaluation of the significance of changes in venous pres- 
sure in ambulatoiy cardiacs must include answers to these questions.- 
1. 'What is the normal range and variation in venous pressure? 2. 
Can venous pres.sure become elevated above noi*mal ■without other 
signs of failure being present? 3. Is a rise in venous pressure the 
earliest or the most reliable sign of failure? 

In the normal group the average venous pressure did not exceed 
10.4 cm. although a maximum of 13.3 was obtained. This average 
figure is in accord with the normals quoted bj-^ Eyster.^"* Hooker and 
E.vster,^® with indirect measurements, found that “a variation between 
a few centimeters of positive pressure up to 18 cm. is not uncommon, 
and tlie range of pressures was large in a normal group. Bedford 
and "Wright^’^ also reported a considerable normal variation, using the 
direct method. Inasmuch as both the direct and indii’ect metliods have 
been emploj'ed, anj’- implication that vai’iation is due to the direct de- 
termination is not ju.stifiab]e. If normal venous pressure is subject to 
such fluctuation, its significance in determining an abnormal .state is 
automatical!}’' lessened. 

The answer to the second que.stion calls for a considei-ation of the 
sporadic marked elevations in pressure refen-ed to previous!}'. No 
sati.sfactory explanation could be found at the time of the observation 
on the basis of physical findings or even in subjective complaints. The 
subsequent course during the next few months likewise failed to give 
any clue 1o the rise. Local causes and technical errors excluded, one 
can only conjecture at some meclianism which pi-oduces a temporary 
venous hypertension. 

The exact nature of this mechanism is not clear. Henderson and 
his associates^® haA-e demonstrated A'ariations in inti-amuscular tonus 
and found that this tonic intramuscular pressure is of extreme impoi’- 
tance in the A-enous return to the heart. Widespread A-ariation in 
muscle tonus, affecting A-enous return and pressure, may be the under- 
lying cause for the fluctuations noted. Another theoretical explana- 
tion is that of A'enous spasm, a mechanism analagous to that iiiA-oked 
for arteries in many cases of ti-ansient arterial hypeilension. The oc- 
currence of A'enous spasm is supported by the clinical experience in 
Avhich a A'ein contracts rapidly Avijen a A'enipuncture is attempted.* 

•This has br-en sotn by Evans; Nw England J. Med. 207: 934, 1932. 
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111 this series, a sustained rise in venous pressure could not be dem- 
onstrated in any ease at an appreciable interval before clinical signs 
of failure developed. To be sure, a rise roughlj’ paralleled the ap- 
pearance, of failure, but venous pressure itself could not be used in 
the long-range prognostication of impending failure. Therefore, unless 
one is aware of the fact that siioradie marked elevations of pressure 
can occur, finding such an elevation on a single occasion might lead 
to the erroneous conclusion that failure is impending. The evidence 
gathered in this study indicates that, although venous pressure rises 
with the appearance of congestive heart failure, it is not the most 
reliable, nor necessaril}' the earliest, sign of failure. 

SUMMARY 

A brief summary of the methods in use for studying circulatory effi- 
ciency is given and the physiological rationale of venous pressure de- 
terminations is discussed. 

The results of an intensive study of 68 ambulatoiy cardiac patients 
are analyzed and compared with a control series. The average venous 
pressure for the cardiac gi’oup as a whole is the same as for the con- 
trol group, although the former shows a greater fluctuation. Rise in 
venous pressure roughly parallels the development of congestive heart 
failure but it does not antedate the appearaiice of clinical symptoms. 

0 The author ■wishes to thank Dr. Arthur C. DeGraff for his helpful suggestions 
throughout the course of this investigation. 
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THE TRANSITIONS BETWEEN NORIMAL SINUS RHYTHM, 
VENTRICULAR ESCAPE, A-Y NODAL RHYTHM, AND A-Y 

DISSOCIATION 

A Report of 12 Cases, Ixcluding 7 Showing Interference 

D1SSOCLA.TION* 

Frank B. Cutts, M.D. 

Providence, R. I. 

TOURING- the past two years there liave appeared at this hospital five 
•L-' patients whose electrocardiograms have shown the control of the 
ventrienlar heat changing frequently between the sino-auricular node 
and the anriciiloventricular node. Interest in these cases stimulated a 
search through the eleetroeardiographic files, which contain tracings on 
somewhat over 8,000 patients, and seven additional eases w'ere dis- 
covered exliihiting tliis same unusual condition. As previous reports 
in the literature on tliis subject have been based, in most instances, 
on study of two or tlu’ee patients, it was felt that a group of cases of 
even this modest size might yield some information of interest. 

It is worthy of emphasis that in the electrocardiograms in this series 
the control of the ventricular beat vacillated almost continuously be- 
tween the sino-auricular and the anriciiloventricular nodes — the dis- 
turbance in rhytlmi being usually discernible in all the three conven- 
tional leads. Therefore, the following types of related rhythm abnor- 
mality are not considered here: (1) Tracings in which the P-wavc 
changes in form or amplitude but maintains its normal position in front 
of the QRS complexes. Such changes are believed to be due to the dis- 
placement of the site of impulse formation from the more irritable up- 
per to the less irritable lower portions of the sino-auricular node, re- 
sulting perhaps from variations in vagal tone.^’ - (2) Instances of com- 
plete heart-block. (3) Instances of isolated or relatively infrequent 
ventricular escape. This exclusion of transient ventricular escape is 
admittedly arbitrary, for the same factors that produce ventricular 
escape will, if they become more pronounced, result in persistent inter- 
ference dissociation or A-Y rhythm.^ However, transient ventricular 
escape is relatively common and well understood, while the types of 
irregularity under discussion here are rather rare. 

It will be well at this point to indicate what we mean by A-Y rhythm, 
A-Y dissociation, and interference dissociation, and to outline the con- 
ditions under which these abnormalities in rhythm may appear. A-Y 

• 'From the Heart Station oC the Rhode Island Hospital, Providence. K. I., under 
the direction of Dr. Prank T. Fulton, 
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rhythm occurs \v]ien the entire iieart, hotli auricles and ventricles, re- 
sponds to impulses arising in the A-V node. Under such conditions 
the A-V node is more irritable than the S-A node, thereby discharging 
impulses at a more rapid rate. The QBS complexes arc usually similar, 
except for minor valuations, to those occurring when the heart responds 
to impulses of sino-auricular origin. The P-wavcs are usually inverted 
(indicating retrograde conduction) and may appear shortly before, 
during, or after the QRS complexes. In a few in.stanees, however, the 
P--waves may be upright in lead •' A-V dissociation occurs when the 
auricles and ventricles are beating independently, the auricles re.spond- 
ing to the S-A node and the ventricles to the A-V node. When both 
forward and retrograde conduction between the auricles and ventricles 
are blocked, at a slow heart rate, the common type of complete heart- 
block results. When, however, as occurs in seven of the cases under 
discussion here, (1) only retrograde conduction is blocked and (2) the 
A-V node is more irritable and is discharging impulses at a faster rate 
than the S-A node; the ventricles respond part of the time to the A-V 
node and part of the time to the S-A node, the latter occurring when 
impulses from tliis node fall at a time when the ventricles are no longer 
refractory as a result of the previous contraction. Because of the retro- 
grade conduction block, the aiu’ieles re,spond only to the slower S-A 
node. Thus beats of S-A origin are interspersed in a record tljat other- 
■vvise has the appearance of complete A-V dissociation. This interplay 
between the S-A and the A-V node.s, with the resulting ventricular 
irregularit}', is an example of interference dissociation.'"' In this con- 
dition the P-waves are upright (except perhaps in Lead HI),' and they 
characteristically do not have any con.stant time relation with the QRS 
complexes.® 

In order for the transitions between normal sinus rhythm, ventricular 
escape, A-V rhythm, and A-V di.ssoeiation to occur, it is usually neces- 
sary for the S-A and the A-V nodes to have, temporarily at least, nearly 
the same rate of impulse formation. Under such conditions a relath^ely 
slight change in the rhAdhui of one node or tlie other, due to variation 
in vagal or .sympathetic tone or .some other cau.se, may cause a transi- 
tion to some other type of rhythm. In one ca.se ob.served by Jones and 
White,® a change from the recumbent to the sitting position was fre- 
quently followed by a change fi-om S-A to A-V rhythm. 

There are three conditions under whicli the A-V node may become 
more irritable than the S-A node and hence initiate a change from 
normal sintis I’hythm to ventricular escape, A-V rhrfhm, or A-V disso- 
ciation:'® (1) When tliere is con.siderable depre.s.sion of tlie S-A node. 
Such a condition is often associated with marked sinns arrhythmia and 
may arise as a result of deep respiration,” pressure on a sensitive eai’otid 
sinus,^'^ digitalis^'^' or quinidine’" administration, ocular pressure, 
or some ill-defined or unknown eau.se. It has been shown to be a.ssoci- 
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ated at times with the partial asphyxia occurring witli Ciiejnie-Stokes 
respiration."" (2) When there is increased irritability of the A-V node. 
This may result from infection,"® especially rheumatic infection,® from 
administration of atropine,"® especially in the first few minutes of its 
effect,"^’ "" or again from unloiowTi causes. (3) When there is a 
combination of the two effects described in 1 and 2."® In experimental 
animals the A-V node maj’- become more irritable than the S-A node 
as a result of (a) destruction of the S-A node, (b) cooling the S-A node, 
(c) warming the A-Y node, or (d) stimulation of the right vagus and 
the left sympathetic nerves."® 

Following are brief summaries of the hospital records of a few rep- 
resentative eases. For the most part only the cardiac sjmiptoms and 
.signs are recorded here. 

Case 1. — (Case 9 in TaTiIe I.) B, P., thirty-seven-}'ear-old wlute, single, Prencli 
knitter, ^’as admitted Nov. 19, 1934, complaining of veakne-ss for several years and a 
slow heart rate for an unknown period. The past history was irrelevant. Fifteen 
and seven years previously she had “nervous breakdowns, “ the nature of which .she 
could not explain adequately. Six years ago she noticed the onset of a liead tremor, 
which has persisted to date. Pour weeks prior to entry she had the grip and since 
that time had been conscious of a slow forceful heart action and increased weakness. 

The significant findings on physical examination were the presence of a constant 
fine tremor of her head and the cardiac abnormality. On November 21 the follow- 
ing was noted: The heart appeared slightly enlarged to percussion. The rate 
was 48 per minute, and the rliythm was not completely regular, as the lieart was 
observed to speed up for a few beats about every 20 seconds. There were no definite 
murmurs, but the heart sounds were not always the same — at times the first and 
second sounds were loud and clear, while at other times both sounds seemed slurred 
and reduplicated. Occasional vigorous pulsations were observed in the neck veins, 
occurring after the first sound was heard at the apex. On November 27 the patient 
was fluoroscoped, and an orthodiagi'am was made. The heart diameter was 11.8 
cm. and the chest diameter was 20.5 cm. No definite enlargement of any heart 
chamber was detected. The cardiac pulsations were very vigorous and at times the 
auricles could, be seen to beat after the beginning of the ventricular contractions. 
This was best seen in the right oblique view. 

Laboratory studies, except electrocardiography, contributed no positive informa- 
tion. The Wassermann reaction was negative; the urine and blood were normal: 
and the blood urea nitrogen and the blood sugar were within normal limits. 

She gradually improved without medication and was discharged Dec. S, 1934. 
When last seen. May 4, 1935, she was feeling well and had no complaints. 

Electrocardiographic Findings . — The same type of arrhythmia pres- 
ent in Fig. 1 was also present in Cases 1, 4, 7, and 10 (Table I). In or- 
der to conserve space, and since little or no information would be added 
by their detailed presentation. Fig. 1 is considered illustrative of the 
irregularities of rhythm in these five cases. 

It is readily seen tliat the fundamental abnormality in tliis record 
is a change from S-A rhythm to A-V rhythm, and then back again to 
S-A rhythm. An important predisposing factor in this change is the 
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presence of marked sinus arrhytlmiia, the interval between auricular 
beats varying from 0.92 sec. to 1.60 sec. (the interval between auricular 
beats 10 and 11 and between 2 and 3). When the auricular rate slows 
up sufficiently, the A-Y node escapes and takes control of the ventricular 
beat. This is seen to occur at beat 3. Auricular beat 3 is apparently 
buried within the QRS complex. Auricular beat 4 is of some intere.st 
as a transitional beat. The P-wave is nearly isoelectric. This is prob- 
ably due to the fact that impulses from the S-A and the A-V nodes 
have reached the auricles at about the .same instant so that a poi’tion 
of the auricles responds to each center. This is the explanation offered 
by Lewis’® for similar auricular waves. 
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Fif,'. I. — B. F. Continuous tracing in Lead II, Nov. 20, 1934. The diagrams beneath 
tliis and the .subsequent electroc.ardiograms are arranged in identical fashion and may 
be described together. The verticai black bars In the upper .strip marked A represent 
tlic auricular beats and are placed directly beneath the P-waves in the accompany- 
ing electrocardiogram. The interval between the auricular beat-s is recorded in 
hundredths of a second. In tlie middle strip, marked P-It, arc recorded in hundredths 
of a .second the P-R inteiwais (preceded by a plus sign) or the R-P intci-vals (pre- 
ceded by a minus sign) — depending on whether conduction is from auricles to ven- 
tricles or vice versa. The arrows In this middle strip indicate the direction of Impulse 
conduction and are Included only when it .seems probable that a beat has been 
actually conducted. In the bottoni strip, marked V, the heavy vertical bars represent 
and arc placed directly beneath the ventricular beats. The interval between beats is 
recorded In hundredths of a second. The auricular and ventricular beats are num- 
bered consecutively in e,ach diagram. Note especially the variation in the form and 
position of the P-w.aves, 


By beat 5, A-Y nodal rhythm i.s frilly established, and there is un- 
disturbed retrograde conduction from ventricles to auricles. Finally 
at auricular beat 9, the S-A node has discharged an impulse before one 
has been conducted from the A-Y node, and thus the S-A node takes 
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control of the auricle, causing’ an upright P-ivave. By auricular 
beat 10, the S-A node has speeded up sufficientlj' to regain control of 
the entire heart. 

During’ the period wlien the ventricle.s are under the control of the 
A-V node (beats 3 through 9), it is to be noted that there is some 
irregularity, the interventricular intervals varying from 1.43 sec. to 1.28 
sec., but this arrliythmia is much less pronounced tlian is the sinus 
arrhji;hmia. Tlie QES complexes are nearly the same regardless of 
which node is in control. Ventricular lieat 3 sliows a liigher R-wave 
because of the simultaneous occurrence of R-wave and upright P-wave. 
Slurring occurs slightly higher on the descending limb of the R-wavc 
when the beats are of A-V nodal origin (e.g., ventricular beats 7 and 8 ) 
than when they are of S-A origin (e.g., beats 1 and 2). The R-P interval 
(0.17 sec.) is practically identical with the P-R interval (0.16-0.18 .sec.). 

After the control tracing reproduced above was taken, tlie eft'ect of 
various other procedures on the rhythm was tried. Right and left 
carotid sinus pressure for a period of fort.v seconds produced no de- 
tectable changes in the electrocardiogram. A drink of iced water was 
without effect. The patient rapidly raised her trunk to assume the sit- 
ting position twenty times witli resulting mild dyspnea, and yet the 
arrln'thmia portrayed above persisted. However, the ventricular rate 
remained at 46, as in tlie control tracing, and it is quite possible tliat 
more intensive exercise or the administration of adrenalin might have 
yielded different results. Finally 1/37 gr. (4 tablets of 1/150) of 
atropine was given subcutaneously. After fifteen minutes the rhythm 
was much more regular, mostly S-A in origin, but a few A-V nodal 
beats persisted, the ventricular rate at this time being 76. After thirty 
minutes the first half of the tracing showed beats of S-A origin, but 
this then changed to A-V nodal rhythm (rate 56). The most .striking 
change following atropine administration was the disappearance of the 
gross irregularity in rhythm. The dase of atropine was perhaps not 
large enough for fuR atropinization, and the tracings should have been 
taken more frequently. However, the appearance of A-V nodal beats 
at a rate of 76 per minute does indicate that at that time the A-\ node 
was released from vagal eontroP' or stimulated’® fully as much by the 
atropine as was the S-A node. 

A tracing was finally made May 4, 1935, some six months after thaf 
.shown in Fig. 1, and at that time all the beats- were of S-A origin 
though a moderate degree of sinus arrhythmia persisted. 

Case 2.— (Case 12 in Table I.) P. X, sixty-nine-year-old -white, married, 
Roumanian housewife, -ivas admitted on Dec. 21, 1931, -witli the symptoms and signs of 
bronchopneumonia. Slie had been very obese — weight 275 pound.y, height 5 feet 
2 inches — for years and had become progres.eively dyspneic over the same jieriod. 
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T]ie outstanding findings on physical examination were tlic mariced obesity, 
scattered rales through both chests, and a blood pressure of 230/130. Examination 
of the heart was unreliable because of the immense fat pads. During the first half 
of her hospital stay she ran a fever up to 101° E., but she .slowly improved and 
left for a bed-and-chair existence at home on March 9, 1932. 

She remained a cardiac invalid and could not take more than a few steps with- 
out experiencing dyspnea. She finally died at home in October, 1932. The details 
of her death are not known, but she apparently suffered from progressive heart 
failure. 



Fig-. 2. — P. J. Continuous tracing in I^ead II, Jan. 28. 1P32. Of especial interest is 
tlie auricular beat 10 followed by ventricular beat 11 after a long P-B interval. 


Electrocardiographic Findings . — The same type of rh 3 i:hm abnor- 
mality shoBm here was present in Case 8 (Table I). The tracings in 
this second case have lieen published elsewhere*'' and will not be repeated 
here. 

It should be noted at the outset that intraventricular block is pres- 
ent and that the T-waves are depre.ssed, both being evidence of the 
serious myocardial disease present. At the beginning of the tracing 
it is obsei-ved that the A-A interval is longer than the V-V interval 
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(beats 1 and 2) and that the P-\vaves approach and merge into the 
QRS comidex. At this time the control of the ventricular rhythm by the 
A-V node is greater than that by the S-A node and ventricular beats 
2 and 3 are due to stimuli from tiie A-V node. At this point the S-A 
node speeds up for some reason and gradually returns to its normal 
position in front of the QES complex. Thus b^’- ventricular beat 6, or 
possibly 1, the S-A node is discharging its impulse sufficient^ early so 
that the whole heart responds to it. However, after beat A-8, the S-A 
node suddenlj' slows up cousiderabty and the ventricles again escape, 
A-9 falling within the QES and A-10 following V-10. In fact A-10 
falls at a time when the ventricles have partiallj’- recovered from their 
refractory period and the early beat V-11 is a response to A-10 after 
a considerably prolonged P-E interval. This long P-E interval is evi- 
dence that the conducting tissues are still partially refractory. After 
beat V-11, the S-A node speeds up somewhat and regains control of the 
heart for several beats. Nowliere in tlie tracing are there inverted 
P-waves follovnng escaped ventricular beats, but tliis fact is not sig- 
nificant except after ventricular beats 10 and 11, especially the latter, 
when the auricles should no longer be refractory themselves to a stimu- 
lus arising in the A-V node. Hence the condition of retrograde block 
is present, at least after ventricular beat 11, and the (at times) slower 
S-A pacemaker is protected from the (at times) more rapid A-V node. 
Thus the S-A and tlie A-V nodes have at this time somewhere near the 
same rhythmicity (due in large measure proliably to a depressed S-A 
node) and the S-A node, as it waxes and wanes, gains and then loses 
control of tlie iieartbeat. This has been previously observed by Lewis.^® 

Case 3.— (Case 3 in Table I.) V, H., a tvrenty-seven-year-old wliite, native, 
married waitress was admitted to the hospital on May 27, 1932, because of dyspnea 
and ewdence of recurrent rheumatic fever. Her first attack of rheumatic fever 
had been at the age of four years, and she had had several recurrences since then. 

The patient was quite ill at entry and had a fever of 103° F., wliich gradually 
subsided during the next two AA'eeks. The physical findings of especial interest were 
limited to her heart. On June 7, 1932, she was examined by Dr. Marshall Fulton 
and the following description is extracted from his notes: 

The heart rate was about 80, and the action was irregular. The impulse was 
diffusely felt over a wide area, and there was a striking difference in the intensity 
of the impulse uith different beats. This was even more definitely brought out 
on auscultation. At times the first sound was soft and just audible; at other 
times it was very abnipt, loud and snappind. At the apex there was a low-pitched 
diastolic rumble, and at the base, a long diastolic murmur typical of aortic in- 
sufficiency. The heart was definitely enlarged. When the heart was irregular, 
the patient felt it '^jumping" in her chest. 

The patient gradually improved on bed rest and salicylates and was discharged 
.July 3, 1932. She left town shortly after this and attempts at follow-uj) have been 
unsuccessful. 

Elecirocardiographic Findings . — Tliis tracing is practically identical 
with that obtained in Case 2 (Table I), which will not be discussed 
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separately. The auricular rate is again slower than the ventricular 
(beats 2, 3, 4, etc.), and the condition of retrograde block is present, 
so that no impulses of A-V origin are conducted back to tlie auricles. 
However, it is observed tliat there is considerably less arrhythmia of the 
S-A node and that the rhythm of the A-V node is faster than in Fig. 2. 
Thus the fact that the two nodes have somewhere near tlie same rhyth- 
micity is due, in considerable part at least, to enhanced irritability of the 
A-V node. By ventricular beat 4, at least, the ventricular pacemaker in 
the A-V node has escaped and continues to control the ventricular beat 
llirough beat V-10, tlie auricles responding unmolested to the S-A node. 
Auricular beat A-10 falls at a time when the ventricle is only partially 
refractory and so the ventricle responds after a long P-R interval, 
resulting in the quickened beat V-11, The interval between V-11 and 
V-12 is also considerably shortened. The explanation for this is to be 
found in the nearly normal P-R interval between A-ll and V-12, which 
occurs because A-11 falls at a time when the ventricle is no longer re- 
fractory. If the P-R interval between A-10 and V-11 were the same as 
between A-11 and V-12 (namely 0.21 see.) the interval between V-11 and 
V-12 would be 0.77 sec. instead of 0.52 (0.46-0,21 = 0,25 and 0,52 + 0,25 
==0.77). Thus it is seen that V-11 occurs late because of the long P-R 
interval preceding it. 

One other point worthy of comment is to be observed at the end of 
the tracing. When the S-A node has succeeded in regaining control of 
the heart, it speeds up for several beats, and the P-wave maintains its 
normal position in front of the QRS complex. This finding is present 
in several publi.shed electrocardiograms.^’ *’ Aftei’ a short 

time, however (not shown in this illustration), the S-A node again .slows 
down, and the whole process repeats itself. This tendency of the 
arrhythmia to recur at fairly regular intervals is known as allorhyth- 
mia.’® 

Why the S-A node often speeds up after it gains conti’ol of the entire 
heart is not clear. Possibly, as .suggasted by Zei.sler,*'* the coronary 
blood flow, with subsequent better nutrition of the S-A node, may be 
maximal when the heart chambers are beating in their noi’mal sequence. 
An apparently related phenomenon was observed by Wilson and Robin- 
son-^ in complete heart-block. They noted that the interauideular inter- 
vals which contained a ventricular .sy.stole were often .shorter thaii the 
interauricular intervals containing no ventricular beat, 

C.SSE 4. — (Ca.*;*' 0 in Table* I.) ,T, P,, a ninuteen-ycar-obl, sirigla, Italian unem- 

ployed girl, was admitted Mareli 14 , 3930, for the fifth time becaUFC of recurrent 
rheumatic fever. The fir.«t attack occurred at the age of .“even yearH. 

.\t entry she had a fever of 302'’ P., which persmted for nearly three weekH, 
gradually Fub.siding to normal. The significant phyaical findingH were limited to her 
heart, \vhich wa.s moderatedy enlarged to the left as revejiled by physical examination 
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KIk. 3. — V. FI. Eeacl IT. .fiine 15, 1!):I2. Note the oiirly ventricular boats 11 and 12, both of .sino-auricular origin. 




























460 


THE A^IERICAN HEART JOURN^AI- 


and by x-ray. There was a long blowing diastolic murmur to the left of the sternum, 
and the blood pressure was 136/30. There was an apical diastolic murmur present 
also, but the significant lesion appeared to be aortic regurgitation. 

She gradually improved and was discharged May 1, 1936, for further rest at 
home. Unfortunately she was not carefullj- examined at the time wlien her lieart 
was exhibiting the irregularity sho^vn in the electrocardiogram, and so we do not 
know whether she showed variations in the first heart sound, as did the patient in 
Case 3. 

Electrocardiograiiiiic Findings . — This is anothei' example of interfer- 
ence dissociation and the abnormality here is very similar to that in 
Fig. 3. In the first part of the tracing the S-A node slows up, and 
tlie A-V node, being more irritable than noi’mal, gains control of the 
ventricular beat. Eetrogi-ade block is present, and the auricular waves 
fall vathin and then to the right of tJic QRS. Finally, at beat A-7, the 
P-wave falls at a time when tlic ventricle is only partially refractory 
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Pifi:. 4. — J. P. Lead II. lUarch 27, 1936. Another example of Interference dLs- 
■sociation. Xote auricular beat 7 followed bv ventricular beat 8 after a longr P-K 
interval. 


and a quickened beat V-8 re.sults, after a long P-R interval. This ven- 
tricular complex is somewhat aberrant in form, probably because of 
some delay or variation in conduction of the impulse through the lower 
or more terminal portions of the ventricular conducting system. After 
the S-A node has gained control, it again speeds up for a few beats as 
in Pig. 3. Tlie quickened beat V-9 has the same exphination as beat 
Y-12 in Fig. 3. 

This same patient has liad manj- electrocardiograms taken during her 
several hospital entries. One taken Aug. 9, 1930, about six years before 
the one shov.m in Fig. 4, showed the P-wave approaching and finally 
merging into the QR.S complex. In the sliort record taken at that time, 
the P-wave did not appear to the right of the QRS, and there was no 
interference dissociation. However, tlie A-V node was undoubtedly 
hj'perirritable (the palienl’s temperature at this time was 302° P.) and 
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the same tendencies were undoubtedly present that are sliow'u more 
strongly expressed in Fig, 4. Thus it is probable that tliis same 
arrhytlunia may recur in the same patient after long intervals if the 
proper conditions are present. 

Case 5. (Case 5 in Table 1.) E. P., a twenty-one' 3 ’'ear-ol(J, male, Italian 
peddler, vas admitted on July 30, 1935, because of painful, swollen joints of three 
days’ duration. This was liis initial attack of rheumatic fever. 

His temperature at entry was 103° F., and remained about 102° F. for four 
weeks after entrj*. During tlois time he developed a pericardial friction rub fol- 
lowed by a rather large pericardial effusion. He had a moderately loud apical 
systolic murmur which persisted throughout his staj', except during the height of the 
effusion, when the heart sounds became practicallj* inaudible. He was discharged 
Oct. 7, 1935, feeling well, and he was to remain at home in bed for two months. 

He was examined at the time he was showing the electrocardiographic irregulari- 
ties, and definite variations in the intensity of the first heart sounds were noted. 
The patient was of rather stolid nature and was not aware of any unusual sensa- 



tions liimself. He was last seen on July 11, 1936. At that time he felt per- 
fectly well. Examination of his heart was entirely negative. The rate was regular 
at 70, the size was normal to percussion, and there were no murmurs. There was 
no unusual pulsation of his chest wall and no distention of the neck veins to suggest 
significant pericardial involvement. 

Electrocardiographic Findings . — This is one of several tracings taken 
on this patient. Several of these showed typical interference dissocia- 
tion as .shown in Figs. 2, 3, and 4. The one reproduced here was selected 
because it reveals an nniisual type of coupling caused by the same mech- 
anism as the arrhjdhmia in Figs. 2, 3, and 4. In the first place it is to 
be noted that there is some increase in the conduction time and that 
there, is slight but definite elevation of the S-T interval. Both of these 
abnormalities are probabty associated with the active rheumatic infec- 
tion, the latter being due, in all probability, to the pericarditis. It is 
seen that the S-A node is underirritable and is discharging impulses 
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verj' slowly. The A-V node is definitely more irritable than the S-A 
node and gives rise to a ventricular beat (beats V-3, 5, and 7) at a 
fairly constant interval after the preceding beat of S-A origin (0.96 
.sec. in the above tracing). The auricular beats A-2, 3, and 4, because 
of the slow S-A rhythm, fall at a considerable interval after the preced- 
ing ventricular contractions, and hence the ventricle re.sponds readily, 
being no longer refractory. There is no retrograde conduction. , 

Beats V-1, 3, 5, and 7 then are of A-V nodal origin, while beats 
V-2, 4, 6, and 8 are of S-A origin. These beats are seen to be different, 
those of A-V origin being lower and more slurred than those of S-A 
origin. This has been previously observed by others and is thought to 
be due to a .slightly different path taken by the impulses of A-V 
origin.^’ 

Case G. — (Ca.'je 11 in Table I.) C. L., a sixty-six-ycar-old wliite, married, French 
Iiousea’ife, wa.s admitted Nov. 5, 1935, becau-se of increasing dyspnea for the 
preceding six weeks. The onset of her disabilit}' followed a day of unusuallj' hard 
housework. There had been some indefinite preeordial oppression. While at home 
she had been taking an undetermined number of tablets, thought to be digitalis. 

On’ physical examination she was seen to be quite ill. There were many rales 
throughout both chests. The heart was apparently enlarged, but there were no 
murmurs. The rhythm was regular at this time. The blood pressure was 220/140. 

In the first electrocardiogram, taken Nov, G, 1935, the rhythm was regular; there 
was left axis deviation; and the T-waves were upright in Lead I. In the fourth 
lead, however, the Q-waves were ab.sent, but the T-wave was inverted normally. It 
was felt that she had hypertensive heart disease and probably coronary thrombosis 
of several weeks’ duration. Medication consisted of digitalis gr. three times 
daily. 

She remained about the same for four days and then quite rapidly developed 
a temperature of 102° F, She failed rapidly and died Nov. 11, 1935, apparently 
of a terminal bronchopneumonia. Autopsy permission was refused. 

ElecirocardiograpMc Findings . — This record tvas selected for repro- 
duction because, though the waves are rather small and indistinct, it 
shows one variation of interference dissociation not present in any of 
our other patients. In this record there is an arrh.ythmia of the same 
type shown in Figs. 3 and 4. The A-V node is producing impulses quite 
rapidly and readily gains control of the ventricles for most of the 
tracing. There is no retrograde conduction, and beat V-6 is quite com- 
parable to beat V-8 in Fig. 4 and beat V-11 in Fig. 3. There is very 
little difference in the QRS complex whether the beat originates in the 
•S-A node or the A-V node. The point of especial interest in this record 
centers about beat A-9 and the interval between beats V-10 and V-11. 
It is seen that A-9 falls shortly after V-10 and is not followed by a 
ventricular response. However, the A-V node does not discharge an 
impulse after the usual interval (0.56-0.60 see.), and the ventricle only 
responds after the next auricular beat (A-10). Thus it seems probable 
that beat A-9, although it did not evoke a ventricular I’csponse, has 
succeeded in dischargmg the A-V node and in dc.stroying the impulse 



CUTTS : TEAXSITIOJTS BET\VTEN S-A EEEYTHM AKD A-Y RHYTHM: 463 


that M’as in tiie process of being built up there. This might occur if 
we assume the presence of refractory conducting tissue below but not 
above the A-^' node. These pauses in ventricular rin-tinn miglit be 
caused by a .sudden change in the rhythm of the A-V node or by A-V 
nodal block (comparable to S-A block) independent of tlie auricular 
beat. However, our first explanation seems most reasonable because an 
identical break in rhythm occurred in two places in another tracing on 
tins patient. In these pauses, the sequence of beats was exactly as 
illustrated m Fig. 6 (QRS-»upright P-wave— ^beat of S-A origin). It 
seems mo.st improbable that any independent variation in the rln'thm of 
the A-Y node would occur only in relation to a QRS complex followed 
by a P-wave — especiaUy as this sequence (QRS followed by P) ap- 
peared only infrequentl}' in the tracings. 

The A-Y node is thus delayed and does not give rise to another beat 
before the S-A node has discliarged an impulse and taken control of the 




Pig-, g. — c. L. Lead I. Nov. 9, 193.). Especial interest in tliis tracing- centers about 
the pause bet-vveen ventricular beats id and 11. .See discus.sion in text. 


heart. A few beats after A-11, hoAvever, the A-Y node regained control 
of the ventricular lieat and the interference dissociation reappeared as 
in the beginning of the tracing. 

COMMENT 

One abnormality of rhytlim not discussed or illustrated liere, although 
closely related to those under discussion, is reciprocal rliythm, in wliicli 
one retroginde auricular beat is sandwiched between two ventricular 
beats, one wave of excitation presumably traveling from the A-Y node 
liack to the auricle and then reentering the ventricle liy some ill-under- 
.stood path and producing a second ventricular lieat. Y’e liave one pa- 
tient, now being followed, wlio has shovn this abnormality on several 
occasions. Since considerable discussion and several illustrations are 
necessary to present this patient’s ea.se adequately, it is planned to make 
him the subject of a subsequent report. 
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Table I contains a summary of some of the clinical data on these 
twelve cases, a portion of wiiich seems worthy of further consideration. 
It is seen that six of the twelve patients suffered from acute rheumatic 
fever, and one otlier patient had acute tonsillitis — a related condition. 
So far as we know, previous reports on interference dissociation and 
A-Y rhythm that have appeared in English have not mentioned rheu- 
matic fever as an important cause. However, Oettinger and Ncslin® 
described the occurrence of interference dissociation in seven patients 
with acute rheumatic fever. In a footnote tliey add that after subse- 
quent observations they have noted its occurrence in fourteen out of 
200 patients with rheumatic fever studied electrocardiographically. 
Such a high incidence of this relatively rare arrh^dhmia in patients with 
rheumatic fever certainly indicates that this disease must be considered 
an important predisposing factor in its production. Conversely, the 
occurrence of tlie electrocardiograpliie changes previously' illustrated, 
especially in a young person, is highly suggestive of rheumatic infection. 
However, it should be mentioned that in our cases the rheumatic fever 
accompanying the arrhydhmia was quite severe and easily^ recognizable 
by>' ordinary clinical observation. 

Another apparently’’ signifieant association was the relation of the 
arrhythmia observed to a febrile reaction. Thus, nine of tlie twelve 
patients had temperatures of at least 99° P. on the day* the electro- 
cardiogram showing the arrhythmia was taken. Six of these nine pa- 
tients had temperatures over 101° F. Of the three patients showing 
no fever on the day^ of the electrocardiogram, one patient (Case 12) 
had just recovered from, an attack of bronchopneumonia and had had 
a temperature of 102° F. a few dayn previously. Another (Case 9) 
had not had a temperature in the previous few day^s but had had a 
debilitating attack of grip aliout four weeks previously^ The tliird 
patient (Case 8) was not observed to have an abnormal temperature but 
suffered from paroxysms of which marked transient hypertension was 
the most outstanding objective sign. In this latter patient, who was 
proved by operation to have a chromaffin cell tumor of the right 
adrenal,^'’ the periods of marked generalized stimulation of the symipa- 
thetic sy^stem were probably to a large extent causative in inducing the 
arrhythmia. 

Thus in the majority of these cases the association of the arrhythmia 
with concomitant active infection (Cases 1, 2, 3, 4, 5, 6, 7, and 11) or 
recent infection (Cases 9 and 12) seems significant. The slight fever 
in Case 10 was probably associated with recent coronary thrombosis, 
and the arrhythmia in this case is perhaps associated with faulty blood 
supply to one or both nodes. In tlie other eases mentioned ' above it 
would seem that infection, especially rheumatic infection, by direct in- 
volvement of the heart or perhaps (in nonrhcumatic infections) by re- 
sulting toxemia, is an important factor in disturbing the rate of impulse 
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formation in the S-A and A-V nodes. The que.stion ma>' -vvell he raised 
as to why tliis arrliytlimia does not appeal- more often witii rlieiimatie 
fever and infection. Tliere are .several possible answers, all speculative. 
Perhaps it may occur only when some inherent abnormality is present 
in one node or the other causing it to respond disproportionately or 
perversely to extraneous stimuli. Possibly, and this seems i-easonable 
in view of what we know concerning rheumatic infection, it occurs 
when the rheumatic (oi* infectious) process is especially intense about 
one node or the other resulting in either stimulation or depi-ession. 
However, such situations do not seem to occur ordinarily, and the 
usual result of infection is an increase in the rate of impulse forma- 
tion of the >S-A node, which thus continues to dominate the heart even 
if the A-V node has been correspondingly stimulated. 

As regards contributory factors, comment should be made concerning 
the role of digitalis. Some authons’®* have given much etiological 
importance to this dinig in the production of this type of arrhythmia. It 
is undoubtedly of occasional importance, but it seems of considerable 
significance that only two of our twelve patients and none of Oettinger 
and Neslin’s seven patients^ received any digitalis prior to the appearance 
of the arrhythmia. Thus, in this gi-oup of cases at least, digitalis was of 
minor importance in the production of the arrhythmia. The patient 
in Case 12 was receiving only a maintenance dose of gr. HA daily and 
.showed no other sign of digitalis intoxication. Case 13 had received 38 
gr. in four days and perhaps more prior to entry to the hospital. That 
digitalis was of significance in jn-odueing the arrhythmia in these two 
patients cannot be denied, but it is our impression that its effect was, at 
the most, contributory. 

Of the twelve patients, five were definitely observed to have changes 
in the inten.sity of the fir.st heart sounds on the day when the electro- 
cardiographic arrhythmia was prc.sent. This has been observed by 
others and Oettinger and Neslin® by means of a phonoeardiograph were 
able to demon.strate an increased inten.sity of the finst sound when the 
P-wave and QRS fell together or when the P-wave .shortly jn-eccded the 
QPS. This would be expected as there is a .similar inci-ease in the 
intensity of tlie first heart sound when the P-wave and QRS fall to- 
gether in complete heai-t-block.^® It is pi-obable that all twelve of our 
patients would have shown this variation in the first heart sound if 
careful auscultation had been perfonned at the time when the ar- 
j-hythmia was present. 

Case 9 .showed a sudden vigorous pulsation of the neck veins con- 
comitant with the increased intensity of the fii’st sound, llore careful 
observation would probably have revealed this finding in several other 
cases. However, since this obseiwation was not recoi-ded in our other 
cases, we do not have satisfactory objective evidence of its fre((uent 
occurrence. 
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When these sudden intense first heart sounds occur, some j)^tients 
complain of more or less palpitation. Its presence was definitely noted 
in Cases 3, 8 and 9. In Case 5 it was absent at the time loud beats 
were heard, even though tlie patient was specifically questioned in this 
regard. In the remaining cases, we do not have exact data regarding 
its occurrence. It is probable tliat the more sensitive patients feel tliese 
forceful beats, while less sensitive ones do not. The situation is thus 
comparable to the presence or absence of palpitation vdth extrasystoles. 
Wilson^* had tln'ee patients who complained of intense palpitation dur- 
ing experimentally induced A-V rhytlim. 

As regards the duration of the irregularity, we liave no precise data. 
A rough approximation of the upper limits of duration was arrived 
at b.y recording the time interval between the first record showing the 
arrhythmia and tlie first record in wliicli it was absent — provided tlie 
records were taken at reasonalilj' short intervals. Bj* .such means it 
seems that the irregularity maj’- persist for from a few minutes (Case 8) 
to sixteen days (Case 1). In the average ease it apparently lasts a few 
days. In Oettinger and Neslin^s cases^ the irregularity lasted usually 
from one to six days. 

Follow-up studies, so far as possible, have revealed that five of the 
twelve patients are dead (Cases 1, 10, and 12, heart disease, and Case 
11, heart disease complicated by bronchopneumonia). In Case 8 death in 
shock resulted shortly after operation for removal of the adrenal tumor.’" 
Three patients (Cases 2, 3, 6) had evidence of advanced rheumatic 
lieart disease when last examined. In Case 4 there was evidence of slight 
rlieumatic heart disease at the last visit. Three patients (Cases 5, 7, 
and 9) had no definite evidence of heart disease when last studied. As 
regards the clinical significance of the arrhythmias observed in these 
patients, the conclusions of Richardson^® concerning A-V rhythm seem 
distinctly applicable. He writes, “A-V rhythm is not in itself fatal, 
but is frequently associated with severe infection or severe and chronic 
cardiac disease.” AVith this we agree. 

SUlMJiIARY AND CONCLUSIONS 

1. Twelve patients are reported whose electrocardiograms showed the 
control of the ventricular beat ehanging frequently between the S-A 
node and the A-Y node. The electrocardiogi'ams of seven of lliese 
patients exhibited interference dissociation. 

2. In order for these transitions to appear, the AY' node must be- 
come temporarily more irritable than the S-A node. Such a condition 
may, occur (a) when there is considerable depression of the S-A node, 
(b) when there is increased irritability of the A-A^ node, and (c) wlien 
tliere is a combination of the two effects described in (a) and (b). 
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3. If, when the A-V node is moi’e irritable than tlie S-A node, retro- 
grade conduction to the auricles is possible, A-V rhythm results; if 
retrograde conduction is blocked, intei’ferenee dissociation appears. 

4. In a given instance of this arrhythmia the auricular rate is usually 
more variable than the ventricular rate. 

5. When control of the ventricular beat varies between the nodes, the 
QES complexes may or maj-^ not show differences between beats of S-A 
and A-V origin. 

6. Evidence is presented strongly ,sugge.sting that the S-A node may 
discharge a partially formed impulse in the A-V node without a rc- 
.sultant ventricular response. 

7. Active rheumatic fever was present in six of our twelve cases and 
can be an important ])redisposing factor in the lu’oduction of tlie ar- 
rhythmias under disexLssion. 

8. Nine of our twelve patients had abnormally high temperatures on 
the days that the electrocardiograms showing the arrhythmias were 
taken. 

9. Ten of the twelve patients had no digitalis prior to the api)earance 
of these transitions in rhythm. 

10. Subjectively these arrhjdhmias are frequently associated with 
palpitation and objectively with changes in the intensity of the first 
heart sounds, with coupled beats, and, at times, with .sudden vigorous 
pulsations of the neck veins. 

11. In the average case this abnormality in rhythm lasts a few days. 

12. Seven of our twelve patients showed evidence of serious heart 
disease. 

N'ote: It is a pleasure to express our indebtedne.'is to Dr. Paul D. Wliitc for eon- 
structive criticism in the preparation of this paper. 
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CONSTRICTION OF THE PULMONARY ARTERY 
BY ADHESR^E PERICARDITIS* 

Benjamin A. Gouley, M.D. 

PhiladeijPhia, Pa. 

A dherent pericardium has recently attracted considerable atten- 
tion because of the realization that certain types of the lesion are 
amenable to surgery.^* ^ The phJ^sieal signs and the disturbance in 
circulatory function produced b,y pericardial adhesions may be at- 
tributed to either constriction or traction of the heart structure. The 
heart may be generally involved or the disabling effect may be exerted 
locally on one of the cardiac chambers or upon the great vascular 
trunks leading to or away from the heart. Thus, two important types 
that have been accorded clinical distinction are: (1) the constricting 
adhesive pericarditis, which affects practically the whole heart, espe- 
cialH the ventricles, and eau-ses “failure of diastolic filling”; and 
(2) constriction of the inferior vena cava with resulting prolonged 
circulatory failure of the lower half of the body. A third type, rarely 
seen but equally distinct, is constriction of the superior vena cava 
with venous congestive failure of the upper half of the body. 

Another involvement, which is the subject of this report and which 
has not been described in the literature as far as we know, is that which 
affects the pulmonary artery. The adhesions which at times surround 
this artery may be very dense and may actually compress and narrow 
the vessel to a striking degree. They are almost certainly the cause 
of physical signs Avhich in our opinion are sufficiently definite to war- 
rant a clinical diagnosis of pulmonary arterial constriction. 

"We Avish to describe these .signs, which are mainly demonsti’able in 
the pulmonary area, and the underlying pathological lesions obsex’ved 
in five patients. We have also included clinical notes on a patient Avho 
has survived and ivho presents phy.sical signs identical ivith those 
noted in some of the eases which came to necropsy. 

Case 1. — C. F., twelve years old, negress, hud a severe attack of rheumatic fever 
two years previously, during which pneumonia had been present and involvement 
of the heart had been recognized. After some months of inactivity, the proce.ss 
again became active. The severity of this attack, wliich was again complicated by 
pneumonia, led to her admission to the Medical Service of Dr. Howard Schaeffer, 
Philadelphia General Hospital, on April 22, .She presented the tj’pical picture 

of a severe, active rheumatic fever with painful swelling of the large joints, elevated 
temperature, and considerable substernal and precordial pain. 

The lieart was greatly enlarged, the transverse diameter being 18.5 cm. by roent- 
gen examination (Dr. C. Burvdl Holmes). At the apex there was a blowing systolic 

*From Uie Departments of Cardlolosy and P.-itlioIofrj'. Philadelpliia fJeneral Hos- 
pital. and the Robinette Foundation, University of Penn.sylvani.a. 
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murinur. The findings we wisii to empliasize were those present at the hase of the 
heart, mainly to the left of the sternum. Thc.«e were (1) increased Avidening of tlie 
cardiac dullness in tlie second and third interspaces; (2) a marked systolic murmur 
and thrill; (3) a diastolic shock and marked accentuation of the second pulmonic 
sound; and (4) a striking waA’elike systolic pulsation spreading upward along the 
left border of the sternum in the second and third interspaces and followed im- 
mediately by retraction. Althougli adhesir’e pericarditis rras suggested by the 
marked cardiac enlargement and immobilitj' of the apex, there was no systolic re- 
traction except that noted in the pulmonary area. Tlie remaining findings and 
laboratory data will be omitted except to note tiiat the electrocardiogram showed, 
among other changes, prolonged P-R intervals. 

The temperature ranged between 98° and 103° F. The patient became increas- 
ingly toxic and soon after, dcA-eloping an encephaliti.s, died on May 12, 1933. 

Necropsy (Dr. Bevan). — The heart was found to be greatly enlarged, the left 
A'entricle and the auricles being considerably dilated; the right A'entricle and conus 
showed definite hypertrophy but were only slightly dilated. The mitral valve Avas 
the seat of an acute and relatiA’cly slight endocarditis, being only very slightly 
, thickened and not at all deformed. Along its free edge, there was a fine line of 
verrucous fibrinous deposit. The remaining valves Avere uninvolved and therefore 
furnished no explanation of the phy.sical signs found at the base of the heart. 
These are to be explained by the adhesi\’e subclironic mediastinopericarditis, Avhich 
AA’as particularly heaA'y and shaggy OA-cr the anterior aspect of the right A'entricle 
and conus. The involA-enient extended Avell up along the course of the pulmonary 
artery surrounding and definitely compressing this A'essel. This adhesion also 
actually compressed the pulmonic conus preA-enting dilatation, and at the saine time 
securely fixed both conus and artery to the oA-erh-ing chest Avail. 

Histology. — The appearance of the heart muscle from various chambers aa-III not 
be described except to say that there Avas evidence of chronic and also subacute 
myocardial inA'olvement. The pericardium .surrounding the pulmonary artery and 
left auricle was enormously thickened, measuring as much as 1 cm. The outer por- 
tion consisted of rather loose and edematous connective tissue; greatly capillarized 
and shoAA'ing rather numerous perivascular collections of Ij'mphocj'tes. In the in- 
ner portion, the cellular activity was more pronounced, the collections of lympho- 
cytes being augmented by small numbers of large mononuclears and plasma 
cells. 

Case 2. — ^M. B., a white Avoman, aged twenty-seven years, had been knoAvn to 
hav’e aortic valvnilitis and mitral stenosis for many years as a result of a severe 
rheumatic infection in early childhood. In spite of this, her health had been good 
until late in pregnancy, which A\ms terminated by cesarean section. Immediate 
postoperativ'e recovery was apparently satisfactory; liOAA'eA'er, early in the puerperium, 
heart failure developed and progressed to such a degree that hospitalization became 
necessary one month after delivery, the patient being admitted on May 1, 1934, to 
the Medical Service of Dr. Bernard Kolm of the .leAA’ish Hospital, who kindly gave 
me permission to include this case in my series. 

On admission, the patient was verv' Aveak, dyspneic, and cyanotic. Auricular 
fibrillation Avas now noted for the first time; and the liver and the lung bases were 
congested. There was a definite phlebitis of the right saphenous vein and also a 
SAVollen right arm, secondary presumably to thrombosis of the right subclavian vein. 
In addition to the obvious mitral steno.«is and aortic imsufficiency, we AA-i.sh to empha- 
size these findings: a definite systolic thrill Avith a loud systolic and soft diastolic 
murmur present in the second and third interspaces— Avell out to the left of the 
sternum— Avhich led to a clinical diagnosis of pulmonary stenosis and regurgita- 
tion. 
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The severe heart failure showed little response to treatment, and the patient 
died suddenly on May 7, 1934. 

Necropsy . — ^Necropsy examination revealed advanced rheumatic heart disease, 
multiple pulmonary infarctions, marked passive congestion of the viscera, leg edema, 
ascites, and edema of the right arm. 

The heart was greatly enlarged and the pericardial sac completely obliterated by 
widespread adhesion; there were manj- mediastinal adhesions attached anteriorly 
and laterally to the thoracic cage, the left liing, and the diaphragm. The peri- 
cardial adliesions were seen to encroach to a marked degree on the superior vena 
cava; and they were dense also over the anterior aspect of the right ventricle, but 



Fig. 1.— Case 2. Showing unusually thick (13 mm.) pericardial 
the pulmonar>- arterj- (P.A.) ; arrows point to the outer layer of the adhesion tvmcn 
everted on opening the conus and arterj' with subsequent release of tension, iiie 
arterj- Is constricted, especially to Its upper portion. Note at that level the thickness 
of tissue separating the arterj- from the aorta (A), marked by double Pointed arrow. 
The pulmonary- valve is moderately compressed; the conus (P.G.), hypertrophied. 


were thickest over the pulmonary conus and artery where they measured 1.3 cm. 
(Fig. 1). The pulmonic ring was only slightly compressed, but the artery was so 
narrowed that, at 2.5 cm. above the valve, the index finger could not bo inserted. 

The mitral, aortic, and tricuspid valves all showed an advanced stenosis. Exam- 
ination of the superior vena cava showed not only severe constriction due to ■ sur- 
rounding pericardial adhesions, but almost complete occlusion above the con.stric- 
tion bv an organized thrombus which extended into the right innominate vein.. 
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Botli lung's were rather siuall, gray, and emphysematous, and presented a num- 
ber. of hemorrhagic infarctions. The pulmonary artery exiiibited mild atheromatous 
changes in the larger branches. 

The liistological examination showed only chronic myocardial changes as seen in 
old rheumatic hearts and ■will not be detailed. Sections through the tliichened peri- 
cardium re'V'ealed no evidence of acute change but only old, completely organized 
iibrotic lesions. 

Case 3. — ^D. B., an eighteen-j'ear-old ncgress, had satisfactorilj’ recovered from 
her initial attack of rheumatic fever in 1929. Slie was not troubled by the resulting 
heart lesions until active rheumatic fever again appeared following an acute re- 
spiratory infection in October, 1931. Soon after the onset of this illness, she was 



Fig- 2 Case 3. Showing unusuallv thick pericardial adhesion surrounding the 

pulmonam- artery (P.A.). The outer surface of the adhesion is shown toy appws 
and partly outlined tov dotted line. The conus (P.C.) is hj-pertrophied and dilated. 
The valve ring and the first inch of the artery were unaffected, but the upper portion 
of the vessel was constricted. 


admitted to the Medical Service of Dr. F. Kalteyer. On admission, the patient was 
obviously ill, being breathless, febrile (temperature, 101 F.), and miserable because 
of substernal pain. The heart was found greatly enlarged by percussion and roent- 
gen ray examination (Dr. C. F. Nichols), and showed straightening of the left 
border with a prominent conus arteriosus and some widening of the base. Sjstolic 
and presystolic murmurs were present at the apex, and an unu.eually loud systolic 
murmur was heard over the second and third left interspaces, followed bj a greatly 
accentuated second pulmonic sound. The various laboratoi\ data will not be pre- 
sented. After a stormy course, during which pneumonia developed, the patient 
died on -April 10, 1932. 
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Necropsy (Dr. G. Eobson). — There was a marked mediastinopericarditis. The 
pericardial cavity was closed anteriorly and laterally by very thick adhesions which 
were most conspicuous over the hypertrophied right ventricle and surrounding tlie 
pulmonaiy conus and artery, and definitely compressed the latter (Pig. 2). 

The mitral valve presented a vahuilitis with a semirigid, thickened rim afford- 
ing some degree of obstruction; the aortic leaflets were also moderately thickened. 

Histology . — A section of the left auricle and of the adhesive pericarditis showed 
great thickening of the pericardium, which had developed in at least three well- 
defined zones of recurring pericarditis. The outermost zone consisted of a loose, 
rather edematous connective tissue in which there was a scattering of fibroblasts and 
“epithelioid cells.” The second zone consisted of a more compact fibrous tissue, 
much of which had undergone fibrinous degeneration and which was infiltrated with 
large basophilic cells, arranged either in Aschoff bodies or else massed in more or 
less parallel rows together with “epithelioid cells,” in the manner described as 
‘ ‘ palisading. ’ ' 

The third and innermost laj'er consisted of a fairly dense connective tissue, which 
was markedly capillarized, and showed occasional perivascular collars of lympho- 
cj-tes. 

The auricular muscle showed a swelling of the individual fibers, a moderate in- 
terstitial edema, and a slight increase in the interstitial connective tissue. The 
small arteries and the arterioles showed a marked thickening of their wall, due mostly 
to intimal proliferation. Tj'pical Aschoff bodies were present in the auricular 
myocardium. 

Case 4. — ^D. H., a negress, aged fifteen years, was admitted to the Philadelphia 
General. Hospital, service of Dr. Henry Jump, on Dec. 29, 1932. Although she had 
had chorea in 1929, followed by the develoiJment of signs of heart disease, she had 
remained well until four weeks before admission, wlien an upper respiratory infec- 
tion was followed by polyarthritis and substemal pain; .she became verj- dyspneic and 
developed a high irregular fever. 

Examination of the heart showed a moderate enlargement to the left, with a 
definite increase of dullness in the area of the pulmonary arterj'. There was a loud, 
blowing, .systolic murmur at the apex, transmitted to the axilla. In the third and 
fourth interspaces to the left of the sternum, but heard also to a lesser degree 
along the entire border of the sternum, was a harsh, to-and-fro double murmur. 
There was a systolic thrill in this area, and P, was greatly accentuated. 

X-ray examination (Dr. H. Ostrum) showed a thickening of the right interlobar 
pleura and right basal congestion. The heart was enlarged in its transver.^e di- 
ameter (cardiothoracic ratio being 14:23 cm.). The left auricle was enlarged, the 
left ventricle as well. There was considerable bulging in the left upper border of 
the heart due to an enlarged pulmonic conus. 

The laboratorj' findings were as follows: erjfhrocyte.s, 3,700,000; hemoglobin, 
55 per cent; leucocytes, 19,500. 

The patient died on January 13 with acute rheumatic pancarditis and bilateral 
fibrinous pleuritis. 

Necropsy . — The exopcricardium was reddened and in some place.s covered with 
fibrinous exudate, lightly glued to the mediastinal pleura. There was an extensive 
plastic pericarditis, unusually heavy and tenacious around the base of the heart. 
The root of the pulmonary artery was definitely constricted by a mass of recently 
formed adhesions. 

Section of the heart showed a slightly hypertrophied left ventricle while the right 
ventricle was markedly dilated. The mu.scle of both ventricles .showed an acute. 
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parenclijTaiatous degeneration. The mitral valve measured G.o cm.; the mitral rim 

was ..slightly stiffened and its line of closure studded by closely set, translucent 
verrucae. 

The other valves were normal. 

Sistology. ^Histological examination shows a subacute fibrinous pericarditis. 
There was a dense, almost diffuse infiltration of lymphocytes, endothelial cells, and 
also polymorphonuclears, in a fibrinous exudate showing early organization. Sections 
of left auricle and left ventricle showed a rheumatic myocarditis including w’ell- 
defihed Aschoff bodies. 

Case 5. — J. 6., a negro child aged six years, whose case is not being presented in 
detail because both the clinical and the pathological pictures repeat the data brought 
out by the preceding cases, presented the picture of a severe, acute rheumatic fever, 
with striking physical signs in the pulmonic area (the most striking of •which was a 
loud systolic murmur), which it is believed were the result of con.striction of the 
pulmonary artery by the thick, flesh}*, basal pericardial adhesions, found at necrop.sy. 
Incidentally, the orifice of the inferior vena was also considerably obstructed by 
adhesive pericarditis. 

Case 6. — P. M., a negro aged thirty-three years, who had had rheumatic fever 
in childhood, was admitted to the Medical Service of Dr; P, Kalteyer, Philadelphia 
General Hospital, because of severe heart failure, manifested chiefly by marked 
breathlessness and a swollen abdomen. 

On examination, the evidences of heart failure ■were obvious, there being an en- 
larged, tender liver, considerable ascites, pulmonary congestion, and breathlessness. 
In addition to an apical systolic murmur, there was a harsh systolic murmur pro- 
gressively louder in the fourth, third, and second left interspaces, -which was fol- 
lowed by a marked accentuation of P, and a palpable diastolic shock, accompanied 
by a systolic thrill. In the area of the systolic thrill and murmur, there -was a 
rather striking systolic pulsation -which was immediately followed by retraction. 

Pluoroscopic examination (Dr. C. P. Nichols) revealed widening and increased 
pulsations of the pulmonary artery, and visible adhesions between the base of the 
heart and that portion of the overlying chest wall wliich was the site of the systolic 
retraction, the thrill, and the murmur. These observations led us to feel that ad- 
herent basal mediastinopericarditis with constriction of the pulmonary artery was 
the most likely cause of the unusual physical signs, and- that the large liver and 
ascites might well be ascribed to secondary right heart failure. 

The patient ultimately recovered sufficiently to leave the hospital; his further 
course is not known. 

DISCUSSION 

Within the last few years, there has been an increasing interest in 
the physical signs and the radiological aspects of the pulmonic area 
of the heart, which previously had been largely neglected because of 
the collection that physical signs in that area were of functional 
origin. This latter ydewpoint is now undergoing change. Studies, both 
anatomical and clinical, indicate the presence of pulmonary arterial 
hypertension in certain types of disease."* Constricting basal peri- 
carditis, involving the pulmonary artery, is an uncommon but appar- 
ently very effective cause of such hypertension. 

Etiology. The pericardial lesion herein described was caused by 

rheumatic fever. We have seen at necrojisy a few cases of healed tu- 
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berculoTis pericarditis, wliere tlie pulmonary artery, in common witli 
tlie rest of tlie lieart, was surrounded by adhesions, but constriction 
did not exist to the degree noted in these rheumatic cases. Partial 
compression of the pulmonary artery by large, conglomerate, caseous 
lymph nodes in association with adhesion was noted in a patient not 
included in this report because of incomplete clinical data. Other 
factors may possibly be of etiological importance, but thus far in our 
experience, rheumatic pericarditis is the outstanding cause. 

The Pathological Changes . — The fundamental pathological lesion is 
a massive mediastinopericarditis, in whicli thick adherent scar tissue 
surrounds and constricts the pulmonary artery. In the adult heart, 
as in the adolescent, the index finger is readily passed through the 
pulmonary arteiy up to its bifurcation, but in the cases herein de- 
scribed, this was often impossible. The constriction becomes notable 
as a rule about 2 em. above the valve; in one instance, the vessel at 
its bifurcation was so narrow that a pencil could not be inserted into 
the oi'igins of the two main branches. The width of tliese adhesions, 
which are often fleshy and somewhat edematous, is striking. In four 
cases they were from 10 to 15 mm. or more in tliickness, and in three 
instances they completely filled in the anterior chest wall for a con- 
siderable distance (Fig. 3, A and P). The artery is possibly drawn 
forward toward the sternum ; it appears, however, in some of the cases 
that the vessel is fixed or “frozen” in its normal position. Oross- 
seetion of the surrounding adhesion may reveal two or three inflam- 
matory layers of different degrees of chronieity, indicative of recur- 
ring pericardial inflammation. 

The pericarditis is seldom limited to the pulmonary artery. In only 
one patient (not included in this report) was there such localization. 
It may be the most conspicuous part of a universal pericardial adhe- 
sion, or it may be part of a pericarditis limited to the anterior aspect 
of the heart. It was not surprising, therefore, to find evidence, in some 
of the cases, of constriction of other vascular trunks. None of the 
group presented a typical picture of the Pick syndrome, but necropsj’' 
revealed marked constriction of the inferior vena cava in one case. 
In another there was superior vena eaval obstruction. The .superior 
vena cava was constricted by pericardial adhesions, and above the 
.stenosis was a partially occluding thrombus. It is, tlierefore, evident 
that the patient who presents signs of pulmonaiy constriction may also 
have the picture of superior or inferior vena caval obstruction or of 
generalized pericardial adhesions. In one case the systemic aorta was 
partiallj’’ constiieted; as far as we knoAV, there is no reliable method 
of recognizing this lesion. 

All of these hearts shoAved rheumatic valvular disease. In Case 2 
there was advanced mitral stenosis, but in four of the five cases Avhieh 
went to neci'opsy, the valve lesion Avas relatively mild, and in one 
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patient it consisted of a vejy recent Ternieons endocarditis without 
previous disease. In this instance the pericardial lesion liad preceded 
the valvulitis probably b}' many months. 

Hypertrophy’ of the right heart was present and notable in every 
patient except in Case 4 (D. H.) in whom the process, consisting of 
a subacute fibrinous thickening witli only recent organization, evi- 
dently was not old enough for the development of marked, right 
ventricular hypertrophy. Since the valve lesions . were early and 
moderate hi degree (except in Case 2), we believe that the right ven- 



Fis. 3.— Case 3. A, Showing a small arc of , a cross-section of the wall of the 
pulmonary arteo' (P.A.)i the massive adhesion w'hjch suiTounds it and extends 

to the chest 'wail; L.N'. indicjites the remains of a mediastinal lymph node: X, the 
roug:!! edge of the adhesion torn away from tlie anterior chest wall. B, Same as 
above, but in longitudinal section. 


tricrdar hypertrophy is to be explained as one of the results of con- 
striction of the main trunk of the pulmonary artery. It is the lesult 
of a proximal, localized pulmonary hypertension, analagous to the 
proximal, aortic hypertension and secondary* hy pertrophy of the left 
ventricle, associated with coarctation of the aorta. Although iheu- 
matic pneumonitis'^ was present in the majority* of these cases, marked 
pulmonary* atherosclerosis was seen only* once, in Case 2, in association 
'with mitral stenosis. The absence of more pronounced pulmonaiy 
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arteriosclerosis and mitral stenosis is probably to be explained by the 
fact that four of the five cases which went to necropsy were young 
subjects who did not survive the rheumatic process sufficiently long 
to develop these changes. 

Histological examination of the pulmonai-y artery in two cases 
(Cases 3 and 5) revealed a focal degeneration in the media, involving 
both muscle and elastic tissue. In a number of fields, the smooth mus- 
cle nuclei had either disappeared or stained poorly, and lay in a 
background of mucoid substance similar to that seen in certain de- 
generations of the aorta. In some places there was considerable 



Lip. 4. — Case 5. Kocal atrophy in the media of the pulmonar.v arter.v. Note dis- 
rupted rows of muscle nuclei, focal loss of nuclei, the frothy appearance, and the 
•separation of the rows of the nuclei by a myxoid (?) infiltration. (X151.) 

vacuolization between the disrupted rows of muscle nuclei, giving a 
frothy appearance to the already “moth-eaten” degeneration of the 
media (Pig. 4). We presume in the absence of cellular infiltration 
that this is a degenerative rather than an infectious proce.ss. The 
partial fixation of the pulmonarj- artery and the compression by the 
surrounding adhesions probably are factors in this focal atrophy of 
the media. 

The Physical Signs . — Examination of the pulmonic area, employing 
the routine methods of inspection, palpation, pereus.sion, and ausculta- 
tion, will reveal a variable number of the following physical signs; 
(1) a harsh .systolic murmur in the pulmonic area, in the second and 
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third left interspaces ; (2) a greatlj* accentuated second pulmonic 
sound; (3) a diastolic shock in the same area; (4) a systolic pulsation 
coincidental with the systolic murmur, extending upward in the third 
and second left interspaces in the dii’ection of the pulmonary artery, 
which maj^ be followed bj’ (5) a successive retraction of those inter- 
spaces, the whole process of pulsation and j’etraction lia^nng a striking 
sinuous appearance when well defined and seen in a favorable light ; 
(6) the presence in a few cases, but of great importance when obtain- 
able, of a systolic thrill palpable in the area of the s.ystolic murmur 
and pulsation; (7) increase in the area of cardiac dullness in the third 
left interspace indicative of liypertrophj^ and dilatation of the right 
ventricle (conus portion). 

When all of these signs are demonstrable in a given ease, the picture 
is chai-actei'istic, and the diagnosis is not difficult. However, as refer- 
ence to the protocols will show, there maj" be con.siderable narrowing 
of the pulmonaiy artery by pericardial adhesions without detection of 
all these signs by physical examination. In those eases that first came 
under our observation, some of these signs may have been present but 
were, not thought of and consequently were missed. Systolic murmur, 
accentuated second pulmonic sound, and diastolic shock were present 
in all cases. Systolic murmurs in the pulmonic area are common and 
usually are not regarded as important. In these six cases, however, 
the murmurs were distinctly louder and rougher and heard over a 
more considerable area than the usual incidental pulmonic mnianui'. 
and therefore directed our attention to the existence of a lesion in this 
area. Systolic thrill was palpable in two instances. Its significance, 
of course, depends on its association ivith the other physical signs. 
Systolic pulsation and retraction in the pulmonic area are very sug- 
gestive, but do not constitute in themselves a pathognomonic sign; 
the retraction can be regarded as having the same significance (and 
with the same limitations) as the systolic retractions of adherent peri- 
cardium noted in other thoracic areas. At times it has proA^ed difficult 
to be certain Avhether one is seeing a real retraction or the normal 
recoil folloiving vigorous pulsations of a pulmonary artery lying rela- 
tively close to the chest Avail. 

In the light of the pathological findings, the physical signs can be 
reasonably classified on a physiological basis. The systolic murmur and 
systolic thrill are produced by the compression of the artery; hyper- 
trophy of the right A^entriele, e.speeially the co}ius, the accentuated 
second pulmonic sound, and diastolic shock can be correlated AAuth 
right ventricular hypertension and proximal hypertension of the pul- 
monary artery; the systolic pulsation folloAved by retraction is indica- 
tive of the attachment of the conus and even the pulmonary artery 
to the chest AA'all. There is a certain degree of OA'erlapping in the 
pliysiological grouping of the physical signs; for example, the .systolic 
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murmur maj'- be attributed not only to compression of the artery, but 
also to the presence of pulmonary hypertension. "We assume the ex- 
istence of right ventricular hypertension in these cases, a conception 
that is now generally accepted in all types of pulmonary ai-terial 
obstruction, not on the basis of actual physiological observation (of 
which there is none) but on the more indirect evidence of hypertropbj' 
and dilatation of the outflow portion of tlie right ventricle. 

Differential Diagnosis . — Since no one sign is pathognomonic and since 
some of the signs, particularly those related to right ventricular hy- 
pertension, ai-e to be seen in other disease processes, the diagnosis of 
stenosis of the pulmonary arteiy by pericardial adhesion often pre- 
sents eon.siderable difSeulty. Inasmuch as rheumatic fever is the chief 
cause of this type of constricting pericarditis, the histoiy of such 
infection and the pi’esenee of other cardiac lesions due to rheumatism 
will be of diagnostic help. Likemse, since the involvement of the 
pulmonary arteiy is usually a part of a more extensive pericarditis, 
other evidences of adhesions in the form of characteristic retractions, 
fixation of the apex beat, pulsus paradoxus, etc., may add some diag- 
nostic corroboration. Two conditions that immediately enter the 
diagnostic problem are mitral stenosis uncomplicated by pericarditis 
and congenital pulmonary stenosis. Although right ventricular hyper- 
troph}^ and pulmonary lij’^pertension are prominent features in mitral 
stenosis, the other striking physical signs (of pulmonar}’’ arterial 
compression and adhesion) are not present. In congenital pulmonary 
stenosis, systolic murmurs and thrills are striking, but chest wall pul- 
sations and retractions are not seen, and the second pulmonic sound 
is, as a rule, diminished. The many other conditions that produce 
pulmonaiy hypertension can usually be differentiated by careful 
analysis of the signs and their etiological associations. Thus pulmon- 
ary artery syphilis, either in the form of Ayerza's disease, or pul- 
monaiy artery aneurysm,^ pneumonoconiosis and siclde-cell anemia® 
can be eliminated probably with little difficulty. As a matter of fact, 
there have been so far tw'o lesions wdiich in our experience have been 
the source of error in diagnosis; these are (1) sinus of Valsalva aneu- 
rysm, particularly of the left anterior sinus, where the aneurysm 
presses on the pulmonary conus or axdery, giving lise to signs of 
obstruction in the pulmonary circuit; and (2) mediastinitis. The 
former manifests itself by systolic murmur, thrill, and pulsation in 
the pulmonic area, but the diastolic shock is augmented by diastolic 
murmur; a positive Wassermann reaction is usually present, and the 
x-ray silhouette is decisive in the case of sinus of Valsalva aneurj^sm 
(of the left anterior sinus). Therefore, its globular bulge in the roent- 
genogram in the pulmonic area, its diastolic murmur, and positive 
serology serve to differentiate it from the lesion herein described. 
Such an aneurysm is u.sually intrapericardial, and w'hile the peri- 
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eardium oveii3dug the aiieiuysm is often inflamed and loeallj* adherent, 
seldom is the heart itself attached to the surrounding structures. The 
second, more common, confusing condition tliat enters into the diag- 
nostic problem, induratiYe mediastinitis, can apparent!}^ in certain 
eases give rise to almost identical physical signs. This lesion is not 
uncommon in connection with chronic pulmouaiy pleural tuberculosis, 
Avhen it can develop as an extensive extraperieardial barrier, espe- 
cially in the left hilar region. We have seen a tuberculous patient in 
whom there was marked s3’'stolic iDulsation, followed b3^ retraction in 
the pulmonic area in the entire absence, as shown later b3^ necrops3', 
of intraperi cardial adhesion. The mediastinal pleural tissue was ex- 
tensively' thickened, acting as a barrier to the expanding kmg; the 
cushion effect of compensatoiy expansion of the lung during A’-entricu- 
lar s3'stole Avas then lost, permitting S3'stolie retraction in the second 
and third left interspaces. A different mechanism occurring in pul- 
monaiy tuberculosis is the basis of tlie recent article b3' Geneverier 
and Deseamps,"^ entitled “Pulmonary Arterial S3mdrome in Sinistro- 
cardia,” in which ply^sical signs, similar to those recorded in our 
patients, Avere ascribed to “extra vascular stenosis of the pulmonary 
arteiy.^' These obseiwers based their conclusions on a radiological 
study of tuberculous patients, in Avhom atelectasis of the left lung 
secondary to fibroid phthisis caused torsion and traction on the heart, 
pulling it to the left with subsequent “ deformity of the pulmonary 
artery. We believe that the fluoroscopic and clinical demonstration of 
a. freely moAung heart, the indubitable presence of pulmonary tuber- 
culosis, the intense x-ray opacity of tuberculous mediastinitis in the 
left hilar area Avould in all probability aid in distinguishing the intra- 
pericardial arterial constriction from obstruction, due to induration in 
the mediastinum or that possibly due to displacement of the heart. 

The Effect of Constriction of the Pulmonary Artery on the Circula- 
tion ^Four of the six patients presenting this lesion succumbed rela- 

tively early in the course of their rheumatic disease, liAung at the most 
tAvo or three 3^ears after the onset of the first seA^ere attack. Death 
AA^as due to recurrence of acute infection, and myocarditis must be 
accepted as the major factor in the final heart failure; mechanical 
obstructive heart failure appears to have been an incidental feature, 
OA^ershadoAved by the virulence of the acute infection. It is reason- 
able, hOAvever, to assume that eA^eu under these circumstances, com- 
pression of the pulmonary artery contributed to the defeat of the 
right A^entricle. 

Speculation as to Avhat circulatory changes might have developed 
had these four patients suiwived is possibly answered by the histories 
of Cases 2 and 6. The former died after pregnancy from mechanical 
right lieart failure without recurring infection. It is true that mitral 
stenosis Avas present, but the ph3ysical signs of pulmonary arterial 
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compression were also present; and to the extent that compression of, 
the pulmonary ai-tery is at least equal to the mitral lesion in the 
production of right heart failure, this ease may be accepted as one 
illustrating the final effect of pericardial compression. In Case 6 the 
patient survived the acute phase of rheumatic disease for many yeai's 
and did not, dui-ing the time of our observation, show any sign of 
recurring infection. In the absence of demonstrable serious valvular 
lesions, such as mitral stenosis or aortic regurgitation, this patient, we 
believe, illustrates even more fnily than Patient 2 the evolution of 
mechanical right heart faihn-e secondary to compression of the pul- 
monary artery by pericardial adlie.sions. 

SUJIMARY 

Compression of the pulmonary artery by constricting pericardial 
adhesions is characterized by phy.sical signs of (a) stenosis of the pul- 
monary artery; (b) pulmonaiy arterial hypertension of a proximal 
type; and (c) adhesive pericarditis. 

The underlying pathological lesion in a group of six patients was 
rheumatic carditis. 

Wliile most of this group succumbed relatively early in the course 
of their rheumatic disease to recuirrence of acute infectioji, in whieli 
the feature of mechanical obstructive heart failure was probably only 
incidental, or at best contributory to the final outcome, two cases were 
presented in wliieh the adliesive pericarditis with compression of the 
pulmonary artery was a major factor in the development of eai’diae 
failure. 

The writer wi.'jhe.s to expre.«« lii.s tliantcs to Dr. H. Schaeffer, Dr. F. Kalteyer, 
Dr. H. Jump, medical chiefs of the PJiiladelphia General Ho.spital, and to Dr. 
Bernard Kohn of the .Tewi.sh Hospital; to Dr. Gunn, Dr. Bevan, and Dr, Ahlfeldt, 
pathologist.s, for permis.cion to use the clinical and patholog’ical material; Dr. George 
Eolison (deceased; performed the necropsy in Case ?>, 
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CLINICAL OBSEB.VATIONS IN ERYTHBOMELALGIA AND A 
METHOD FOB ITS SYSIPTOMATIC BELIEF^^ 

ISIDOR ]\IUFSON, M.D. 

New York, N. Y. 

T he compiaint ‘‘burning pain'’ in one or aU extremities, induced or 
aggravated by warming or the dependency of a limb, and relieved 
by cooling or tlie elevation of a limb, is frequentlj’' encountered in vascu- 
lar diseases. This sjunptom-eomplex has been named ‘ ‘ erytlmomelalgia. ’ ’ 
Often, the underlying disease is so apparent, as in obliterative or vaso- 
spastic arterial diseases, or in intiammatory and allergic reactions, that 
this symptom-complex is passed over by the examiner. However, to 
the patient’s comfort, it is very pertinent. Under the name “erythro- 
melalgia” have been grouped those eases of peripheral vascular diseases, 
in which the presence of this type of pain is often associated wdth a rubor 
of the sldn and a dilatation of the minute vessels of the skin. The causa- 
tive agent is not apparent. First described by Weir Mitchell,® both 
Bro^vn- and Lewis® have emphasized that erythromelalgia is but a symp- 
tom-complex. They also gave their criteria for its diagnosis. Lewis 
has further attempted to explain the mechanism of the pain, by assum- 
ing that there is a release of an histamine-like substance from the minute 
vessels, which, he suggests, are in a “susceptible state.” Studies in two 
cases of erythromelalgia, to be reported here, it is believed, will show 
unusual underlying causes. Furtlier, with the aid of observations on 
the blood pressures of the minute vessels, an attempt will be made to 
explain the mechanism of the pain. During the studies on the second 
case, we were able to devise a method for the symptomatic relief of the 
major complaint, pain. 

METHODS 


The minute vessels of the skin were studied through a binocular micro- 
scope Avith the forearm at the level of the heart. Blood pressure determi- 
nations were made on the minute vessels of the sldn, near the cuticle 
margin of the nails by the indirect method.® The criteria used were the 
same as those in our previous work.^® The pressure recorded is the figure 
most commonly recurring in twenty to thirty determinations. The final 
figures from the upper and lower extremes rarely vary more than 5 mm. 
Hg. The pressure Avas read on the mercurial manometer Avhen the floAV 
111 the visualized capillary Avas fully reestablished Avhile reducing the 
obstructing pressure of the closed capsule. The blood pressure in the 
A-enules was . determined Avith the same apparatus.^® Beadings Avefe 
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made with the fii'st refurii of color to the skin which had been Ranched 
l.v {he o^■crlvin- closed capsule. Venous pressure was determined by the 
mdliod of Jloritz and von Tabora.« Skin temperatures were determined 
})y Ricans of a resistance thermometer (Leeds and Northrup), 

Cask 'i.—£riithromdaIgia Symptomatology in an Alcoholic Tatient. 

A sLxtv-yeaT-old man (Unit History No. .350653), divorced, for tlie past twenty 
years had drunk daily a.-; luucli as a pint and a half of whisky. Six years before, 
a physician told him that he had alcoholic cirrhosis of the liver. He smoked ten 
cigarots a day. He had had gonococcus urethritis but no chancre. He was admitted 
( 0*^11118 hospital, complaining of increasing redness of the hands and enough pain in 
all iinger.s to render them useless. Nine months before, he first noted that his fingers 
were becoming awkward while playing cards, his favorite pastime. Four months 
later, he noted that the color of the skin of his fingers was becoming very red. They 
felt .‘■■wollen and less supple. In the next two months the palms became involved. . 
The lightest touch to his affected skin was unbearable. Warmth or hanging his 
hand down induced pain which could be relieved by cooling or elevation of his 
arm. He could not feed himself or smoke a cigaret, consequently he became ex- 
tremely irritable and a “shut-in.” 

On oxarninution, he appeared as an elderly lean male, chronicallj' ill. His 
pupils reacted promptly ; teeth were missing, no.se, ears, and throat appeared normal. 
Thyroid was not enlarged. Heart and lungs showed no abnormality. His liver was 
5 cm. below the costal margin, its surface was smooth but firm. The .spleen was 
moderately enlarged. Ecctal and genital examinations were negative. The neuro- 
logical examination, which included an examination of ids spinal fluid, disclosed 
no alinormality. Blood and .spinal Wassermann reactions were negative. He had 
tm cojinophilia of G per cent. His serum calcium was 10,8 mg. per 100 c.c. and liis 
other blood con.stituents were within normal limits. His metabolic rate on. several 
occasions Avas normal. X-ray examination disclosed no cervical ribs. The phalanges, 
hov.-cs'or, shov.-ed an osteoporosis. His brachial blood prc.ssure was 100/65 mm. Hg, 
and the nnlecubital venous pressure was 12 mm. water. His radial arteries felt 
fdorotic. 

Betl. of liis hands, e.-pecially his fingers and the palms, were bright red. There 
was no tinge of cyanosis; it rather suggested the color of fre.slily oxygenated blood. 
Fhe skm was unbroh-en; there were neither A'csicles nor ulceration, but there was 
some ironing out of the skin folds. Any attempt to touch his hands brought loud 
protests, liven after g;iining his confidence during the weeks of hospital observa- 
tion, he would resent the lightest stroking. The flexion of Ins fingers was also 
pan, ful. When his arm iras hung down over the side of the bed, liis skin turned a 
'ifT; 5 ,cr red, and pain soon set in. Elevating his arm relieved the pain in about a 
minute. A .mmiLar pain was induced when a blood pressure cuff ivas inflated 
.around lii.s arm. This could Iw relieved in several minutes by deflating it. Cooling 
the painful area by means of a spniy of ethyl chloride gave him welcome relief, 
wuaiou any change in the depth of the color of his .skin. His median nerve was 
■ docked hy the penncural infiltration of a 1 per cent solution of novocainc. The 

.m .-.ippbcd by the nerve developed an increased surface temperature and its red- 
ness deepjened. 
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contracted .promptly ■vvlicn a drop of 1 to 1,000 solution of adrenalin -svas pinpricked 
into the epidermis. The skin became colorless. Tlie even flow became slowed and 
interrupted. 

Blood pressure readings of the ininute vessels adjacent to the cuticle margin were 
made. These pressures varied directly with the changes in the temperature of the 
skin. These are recorded in Table I. 


Table I 


SKIX TEMP. ° C. 

B. P. CAPILLARY 

B. P. \^NULE 

MM. HG 

MM. HG 

27 

34 

28 

,34 

45 

40 


Comment , — ^Tliis ease, on in.spectioii, fitted into that group of cases 
wliicli we usually catalogue as erythromelalgia, with the etiology usually 
undetermined. An analysis of the minute vessel studies in this case 
may enable one to associate the patient’s alcoholic excesses wfith his 
vascular disturbance. The findings in the minute vessel studies were 
unusual. The dilatation that was anticipated was found onl}’’ in the 
subpapillary venule plexus. The hypertension was localized in the 
minute vessels, the arterial and venous blood pressures being normal. 
With a rise in the temperature of the skin to almost blood temperature, 
the burning pain makes its appearance, and the blood pressures of the 
minute vessels rise to an extreme high. Lewis® assumes that the minute 
vessels must be in what lie calls a “susceptible state” in order to give 
such severe pain in response to so mild a stimulus as a light stroking of 
the skill. Our observations lead us to feel that this pain response is 
due to the inordinate increase in blood pressure in the minute vessels 
of the skin. Dilatation per se of the minute vessels docs not cause a 
blood pressure increase. Dilatation of the minute vessels is present with 
a low normal pressure in acrocyanosis, the spasm phase of Raynaud’s 
disease, and in the cyanotic group of congenital heart disease without 
decompensation. Conversely, the hypertension found in nephritis is 
associated with vessels that are of a normal or constricted caliber. 
How, then, can the intrinsic iiypertension of the minute vessels be ac- 
counted for? Alcohol is known to be toxic to the cytochrome of the 
tissue cells. Cyanide acts in the same wmy, more rapidly. An inactiva- 
tion of cellular oxidation -will f oIIoav the ingestion of a sufficient dosage. 
The tissue cell ^vill not then be able to a]3Sorb its requirements in oxygen 
from the blood brought to it by its adjacent minute vessels.® This gas 
will then pass through without being absorbed. It then can be assumed 
that oxygen saturation will be about equal in the arterial and minute 
venous vessels. In cyanide poisoning, the skin of the patient has a bright 
arterial hue. One may assume that our patient has had such an inactiva- 
tion of the cytochrome of the cells of his skin. His liver cells probably 
have experienced a similar change. The cellular anoxia enables the 
oxj^gen to reach the venule side in very high concentration. It was 
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found in a study of patients receiving oxygen by nasal catheter that 
an increase in its concentration caused a rise in the blood pressure of 
the capillary. In this patient, because of the cellular anoxia, a high 
oxygen concentration in the venule side of the minute vessels has re- 
sulted, and this in turn has stimulated an increase in the pressure of the 
minute vessels. The relationship of the osmotic pressure of the blood 
to the hydrostatic pressure of the minute vessels becomes disturbed. 
The exit of “pain substances” is hastened because the hydrostatic pres- 
sure is greater than the osmotic pressui’e. The distention, alone, of the 
minute vessels could be sufficient to cause the pain. This is often seen 
when a solution is given rapidly by r-ein with an overdistention of its 
lumen. 

Case 2. — A. woman (Unit History Xo, 39G258), aged forty-eight 5 ’ear 6 , was ad- 
mitted to the medical vascular clinic. For the past five years she had been under 
the care^ of various doctors in several of our hospitals. She first noticed a sense of 
pin-and-needlc-lihe feelings in the fir.st three digits of the left hand. A few weeks 
later there wa.s severe pain in the left index finger. Not believing in medical care, 
.she went to a eultist. Conditions grew worse, and after a year the pain became so 
intense that she con.«ulted a physician. During thi.s year she did not notice any loss 
of sem-ation or change in color of her .skin. She received diathermy treatments and 
mas.«age. Her tonsils were removed, and injections of several unlcnown drugs were 
given for several weeks. Diabetes was next discovered and controlled, but without 
atTccting her pain. Two years before admis.sion, .she noticed that there was some 
blunting of her tactile sensation, though she was not entirely certain of this because 
of. her pain, which was likely to be present at the time of her examinations. At this 
time she realized that the pain was relieved by cold and induced by warmth. After 
study in the Neurological In.stitute at this time the diagnosis was an osteoarthritis 
of the cervical spine and a provisional diagno.sis of .syringomyelia. A cour.se of 
roentgen ray therapy to the cervical cord was given without any relief of her com- 
plaints. Next she developed a constricting pain in the middle of her left fore- 
arm and arm. Her friends also called her attention to the fact that her left eye 
appeared to be smaller than the right. She was followed in the neurological clinic, 
recei’t'ing sedatives and various forms of physical therapy. After two years she was 
referred to the medical clinic for an opinion. On her first visit here, she was dis- 
couraged in her failure to be helped and came only as a favor to the neurologists. 

The only additional finding was that the affected finger was insemsitive to a deep 
pinprick. Her erythrocyte sedimentation rate was slightly elevated, 17 mm. per 
minute. X-ray studies failed to disclose a cervical rib. Her visual fields were 

normal. X-ray films of the teeth showed a mild infection which was treated. The 

basal metabolic rate was -13 per cent. Tlie blood count was normal. Her gluco.=e 
tolerance test showed a diabetic curve. A diabetic diet without insulin controlled 
the blood sugar within normal limits. At a medical conference additional h}-pothc.sos 
were .sugge.^ted: first n vascular disturbanee based on a cervical gliosis and second 
a thalamic syndrome, involving the nucleus rubor wliich would explain the pains in 
the nrm.s and leg. 

The patient was then referred to the vascular clinic for further studies. She 
.'■■tre.s.scil the relationship of her pain.s to temperature. .She preferred the cold to the 
w.arm weather. During the freezing weather, she walked with her affected hand ex- 
posed while the other was covered by a glove and a fur muff. At night .she had 
to keep an icobag on the painful hand in order to be able to fall a.riecp. 
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The skin of the affected fing'er was moderately atrophic, tlie skin markings being 
ironed out. Tlie color of tlie skin was pinker here than that of the other hand. 
Capillaroscopy at the cuticle margin showed numerous capillaries. Their diameters 
were normal, with the blood flow occasionally showing an interrupted streaming. 
Tliero was no dilatat ion of the subpapillary plexus. 

When a blood pressure eutf, placed around the arm, was inflated to 120 ram. Hg, 
typical pain was induced in the left index finger. Examination of the capillaries 
under these conditions showed that a groat increase in their number had , resulted, 
the venules were dilated, and the blood flow stagnated. 

The above procedure was repeated only after the affected finger had been sub- 
jected to a compression of 40 mm. Hg by means of an overljdng capsule. Ho pain 
appeared in the finger when the pressure in the arm cuff was first raised to 120 mm. 
Hg, and then to ISO mm. Hg. When the finger compression was released, pain 
promptly appeared in the finger. Compressing the finger wdth the capsule, after 
the pain had already been induced bj' venous congestion, failed to give relief. The 
relationship of the occurrence of jiain to changes in the temperature of the .skin was 
. observed. Simultaneously a record of the changes in the blood pressure of the 
minute vessels was made. Tlic.^e observations arc recorded in Table II and are of 
great interest. The onset of pain when the temperature of the skin is close to blood 
temperature has been shown before. However, as in the premous case, it is now 
shown that a ln*peiiension in the minute vessels occurs with the pain. 


T.vni.n II 

I{KLATio>:Kim’ or P.\ix to Cievkoks in Hkin TEMi’KP.aTURE AND Blood Pressure of 

Minute Ve.ssels 


TIME 

SPONTANEOUS 

I'AIN 

SKI.N TEMPERATURE 
(» U.) 

m.OOD PRESSURE 
(MM. HG) 

REMARKS 

CAPIL- 

LARY 

VENULE 


P.2 1.2 P.4 P.4 

k2 1.2 k4 k4 , 

k2 l2 

n2 1.2 


0.00 

0 0 0 0 

27.2 27.2 20.7 20.2 

25 35 

10 25 

Left forearm im- 



i 



mersefl in hot 






water 

O.O.I 

0 0 0 0 

52.5 52.5 52.0 52.0 


i 


0.1.5 

0 -H- 0 0 

55.0 55.5 55.0 55.5 

55 00 

20 50 

Capillary pulse 






present 


Comment on Case 2 . — From these oltserva lions, it appeared that the 
increase in .skin tempera tnre induced both an abnormal rise in the blood 
pressure of tlie minute vessels, and severe pains in the finger. Siicli 
a response is to be expected from a .severe local trauma rather than 
sneli mild indirect warming of the skin. The minute vessels pos- 
.sess both constrictor and dilator fibers. The overdilatation could result 
from either group’s being involved. With the constrictor pathways 
degenerated, the normal antagonism to dilatation may fail to exert its 
influence. Or it may he an exaggerated response by the dilator nerves 
to ordinary stimulation. In order to choose the mechanism for this 
response, we refer to the work of Meltzer and Auer," wlio noted that 
adrenalin causes a greater constriction of the blood vessels of the ear 
when it is denervated than when its nerves are intact. Elliott-* confirmed 
and extended these findings. He showed that the pilomotor mechanism 
is especially responsive to injected adrenalin after neurectomy. Others 
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have confirmed these findings and "White has used this method to show 
why symi)athcctomy is a failure in Eajmaud’s disease. j\Ieltzer and 
Auer' showed tliat this effect developed not immediately after denerva- 
tion, but when degeneration was complete. Using these observations, one 
would be justified in concluding that if an exaggerated response to 
adrenalin be present, a degeneration of tlie vasoconstrictor fibers lias 
taken place. 

>C.fCTAL *- ^ 

36* 


35 * 



30 



0,00 0,10 0,20 0»30 

Fiij. 1. — Case 2. Aflrenalln response in crytliroinelalgla of left Index finger. 

JCxpcnvicntal Studies . — It was decided to test out the adrenalin sensi- 
tivity of the vessels. A solution of 1:2.50,000 Ava.s given intravenously 
at the rate of 4 e.e. per minute and frequent recordings of .skin tempera- 
ture were made. Va.sospasm will result in a dro]) in tlie temperature 
of the .skin. With the .solution going in at the rate of 4 to 6 c.c. per 
minute, normal skin ve.ssels will not become narrowed enough to give a 
drop in skin temperature. The rt*.sults of this infusion te.st as given 
to this patient are recorded in Fig. 3. The temperature of the skin 
dropped most sharply in the painful areas of the skin. 
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As a corroboration of the value of this test, a definite case of syringo- 
myelia with complete denervation of one side was given this infusion. 
He had a complete absence of sudoraotor activity on his left side with 
the loss of pain and temperature sense. He showed a drop in the tem- 
peratures of the skin only in the right finger (Pig. 2). His vessels 
V ei e sensitized to adrenalin because they had been denervated by the 
syringomyelic process. 

It could therefore be concluded that vessels in the involved skin had 
been depii\ed of their vasoconstrictor nerve supply. The exact location 
vheic the inteii’uption occurred is problematical. Tlie sympathetic 

2 . 9 * 



rfMcu^i~T i:2So.oooADiieff^Lm 
l/(VPC('s IsOl.f'TfOA' - /lVp(/S/0/V J 

0.00 o.Zo 0.40 0,6o 

Fig. 2 . — .A.t1i’enalin re.sjjonse in patient witli syringomyelia affecting the right side. 

fibers, according to Beattie and others,^ pass at the dorsal levels through 
the vestibulospinal tract where thej^ could be destroyed by a hydrops 
of the nearby spinal canal. 

A week after this test had been performed, the patient returned for 
further studies. At tliis time, slie enthusiastically stated that this was 
the first week in five years that she had been relieved of her pain and 
that she wanted more treatments. The infusion was repeated with 
similar changes in skin temperatures. The patient noted that when 
it was given rapidly she had greater relief. Normal saline given as a 
control had no effect. She did not mind the headache nor the palpita- 
tions which come with the higher rates of infusion because, as she stated, 
the relief was worth it. Her finger became pale and so did her face. 
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Her finger became mobile, and tlie hjTJeresthetic state was relieved. 
Siic \vas able to do her ironing. The relief, as was to be expected, lasted 
only for a fev' days after the infusion. She felt, however, that she would 
like to be that way all the time and wanted to come more often. At 
this time, a solution of adrenalin 1:100 appeared on the market. This, 
was .sprayed into the patient’s no.se and throat during ordinary re.spira- 
tion by means of a special neljulizer. The results were as satisfactory 
and almost as prompt as with the infusion of the dilute solution of 
adrenalin. She was told to use this at home, and .she reported that she 
■was able in this way to find relief at any time for her burning pain. 

Since the patient had had many attempts to help her, and none had 
given her even temporary relief, it was felt tliat the response was 
genuine. Aside from tlie control infusion of normal saline, the following 
procedure was eai’ried out to avoid the possibility that suggestion was 


52 ? 



Fisr. 3 — C;i.se 2. A comp.'iri.'ion of the .skin tc-mperature.s after the .spraying of pilo- 
carpine an<i .aUrcnalin into the nasopliarynx. 

the relief medium. One cubic centimeter of a solution of pilocarpine 
hydrochloride which contained 0.006 gm. of the drug was placed in the 
nebulizer without her knowledge. This was then sprayed into her nose 
and throat about fifteen times. After three minutes, .she said that her 
]>ains were returning in a most severe form to her left hand. She became 
disheartened and thoiight that she had better go back to the infusion. 
She was then given the 1 :100 solution of adrenalin by spray with prompt 
relief of the severe pain in the finger (Fig. 3). >She felt more reassmred 
when site was apprised of the experiment. She has since used the solution 
of adrenalin by inhalation, the total requirements per day varying di- 
rectly with the temperature of her environment. Slie has been perform- 
ing household duties of the .so-called heavier type for the first time in 
live years. Slie is looking forward to a jjcnnanent cure, wliieh, she has 
1>(M‘n told, is unfortunately not in .sight. 
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SraiMARY 

1. It lifis been rcein])busized. that erytliroiiielalgia is a sj'iiiptom- 
coinplex. dependent upon minute vessel changes, the etiology of which 
is not always readily apparent. 

2. Capillary microscopy in the two cases studied has shown that the 
normal physiological response to warmth is disturbed and exaggerated, 
resulting in an intrinsic liypcrtension and dilatation of the minute vessels 
of the skin. 

3. This exaggerated dilatation prasent in crythromelalgia has been 
shown to be the result of an absence of normal antagonistic vasoconstric- 
tion. The method was based on the Avork of IMeltzer and Auer, 

4. The use of this test led to the finding of a method for the alleviation 
of the most distressing pain. Relief of the pain was obtained by the 
use of adrenalin by infusion and inhalation. 
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PATENT DUCTUS BOTALLI WITH SUBACUTE BACTBEIAL 
ENDOCAEDITIS AND EECOVEEY^^ 

William Chester, ]M.D. 

SlAilAROKECK, N. Y. 

'^HE following case is of unusual interest because it is the first re- 
A corded instance of recoveiy from subacute bacterial endocarditis in 
a patient witli a patent ductus Botalli. 

REPORT OF CASE 

D. W., a ■ft'onian aged twenty-nine years, was admitted to the Montcfiore Hospital 
on Jan. 1C, 1931. She had measles as a child. A tonsillectomy performed in 1929 
was followed by a prolonged convalescence. She had had two pregnancies, and both 
cliildren were living and well. In 1924, during her second pregnancy, a congenital 
heart lesion was detected. 

In September, 1930, the patient was confined to bed because of a rise in temp- 
erature and weahness. Frequent chills and profuse srveats supervened, followed 
by anorexia, asthenia, and a rapid loss of weight. Soon she complained of a 
hacking, nonproductive cough, palpitation of the heart, shortness of breath, and 
procordial pain. In November, 1930, she was admitted to the Mount Sinai Hos- 
pital (New York City)? where a diagnosis of patent ductus Botalli and subacute 
bacterial endocarditis (Slrcptococous viridans) was made. 

E. \aniination on admi.ssion at the Montcfiore Hospital revealed an emaciated 
woman weighing 89 pounds. Her face was flushed and the conjunctivae were pale. 
Tliere was slight cervical lymphadenopathy. The apical beat of the lieart was in the 
lifth intercostal space just outside the midclavicular line. The first sound over the 
pulmonic area was ringing in character, and the second sound was replaced by a 
continuous murmur. The heart rate averaged 120 beats per minute. The rhythm 
was regular, blood pressure 95/50, There were diminished resonance, broncho- 
vesicular breathing and rales at the right base posteriorly. The spleen was firm 
not lender; the edge was palpated 2 cm. below the costal margin. There was 
slight pufiiness of the ankles. There was no clubbing of the fingers or toes. 

The urine w-as negative. The blood count showed a hemoglobin content of 05 
per cent; erythrocytes, 3,800,000; leucocytes, 10,800; pohunorphonuclcar leucocytes 
72 per cent; lyrophocj-tes, 23 per cent; monocjircs, 4 per cent; and basophiles^ 
1 per cent, A blood culture showed numerous colonics of Streptococcus viridans. 
TliC electrocardiogram showed a left axis deviation. 

A roentgenogram of the chest showed that the riglit leaf of the diaphragm was 
high and moved very little with inspiration. There was marked pulmonary con- 
gestion of tlio central tj-pe. The heart was globular, and the left ventricle was 
rounded. The pulnionarv- artery and conus were prominent. The aortic arch was nar- 
rower than usual. Tiie ascending limb of the aorta was well formed. There was some 
enlargement of the left auricle. Boentgenogram.s of the acce.ssorv' nasal sinuses 
were negative. The dingnosis of patent ductus Botalli, subacute bacterial endo- 
carditis (Streptococcus viridansj and infarcts of the spleen and lung (right lower 
Jobe) were made. 

•From the Medical Division of the Monteflorc Hospital, Service of Dr J^opoUI 
Lichtwits. 
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^ Chnxcal Cowrie.— During- the patient’s stay at the Montefiore Hospital, the 
clinical picture ivas that of severe sepsis. On Feb, 23, 1931, she experienced severe 
pain behind the right breast, aggravated by breathing, associated mtli dyspnea 
and cyanosis. Dullness and bronchovosicular breatliing ivere present at the right 
base. A roentgonogram of the chest at that time revealed pleural thickening and 
pulmonary consolidation at the right liase. Cougli with slightly blood-tinged ex- 
pectoration soon developed. The process iv.as interpreted as pulmonary infarction. 
The .«igns at the right base per.^iisted until the latter part of March and were 
accompanied by a cough with a yellowish expectoration, a low grade temperature, 
a rapid ventricular rate, and leucocytosis. On Slarch 31, 1931, the patient had a 
chill, .with a temperature of 101° F., and a ventricular rate of IIS. She vomited 
and complained of increased sensitivity in the splenic region. From April 4 to 
Sept. 2, 1931, the septic course persisted. Frequent episodes of pain at the right 
base yiostcriorly and a i>roductivc cough were noted. On September 10, the patient 
was aphonic jind showed a complete paralysis of the left vocal cord. The temperature 
was normal and the ventricular rate accelerated. A blood count at this time showed 
a liemoglobin content of 00 per cent ; crvtiirocytos. 3, (>90,000; leucocytes, 6,500; poly- 
morphonuclear leucocytes, 69 per cent; lymphocytes, 28 per cent; eosinophiles, 1 
per cent ; and myelocytes, 2 per cent. 

On Oct. 7, 3931, tlic blood culture was sterile. Tlie patient’s condition was con- 
siderably improved. She had been afebrile since Sept. 30, 1931. On Oct. 14, 1931, 
marked dcjircssion, emotional instability, and auditory hallucinations were present. 
She insisted on going home and was di.«chargcd on Oct. 24, 1931, with the mental 
sjTiiptoms as noted. Her weight at this time was 59 pounds. The therapy during 
the patient’s stay at the Montefiore Hospital consisted of the administration of 
.supportive and .symptomatic measures. 

From Oct. 2-i, 1931, to February. 1932, the patient was confined to bed at her 
home. She became mentally clear and less anxious. During this entire period, she 
was afebrile and free from pulmonarj- and abdominal symptoms. Her appetite im- 
proved, and there was. a rapid gain in weight. During the summer of 1932, she 
resumed licr usual household activities and save for slight dyspnea on ascending a 
flight of stairs felt perfectly well. She commenced menstruating in October, 1932, 
after a period of amenorrhea of twenty-two months. Severe premenstrual and co- 
roenstral pain was present. Physical examination at this time revealed a well- 
nourished patient weighing 120 pounds, afebrile, and symptom free. The significant 
findings were the to-and-fro inachinery-Iike murmur and systolic thrill in the second 
and third left intercostal spaces. The lungs were negative. The spleen could not 
be felt. There was no tenderness in the left upper quadrant. Fluoroscopy of the 
lieart showed the same findings as noted while the patient was in the Montefiore 
Hospital. 

The patient was again seen on IMarcli IS, 1934. Her weight at this time was 
125 pounds, and her color was good. The menses had been regular since their 
onset in 1932, the dysmenorrhea persisting and frequently confining her to bed 
for a day or two. She performed her household duties ivithout any difficulty. Dur- 
ing this period she has had several mild upper respiratory infections, none of which 
confined her to bed. The heart findings were as noted on the preidous examina- 
tion. The lungs were negative. Tlie abdomen, save for slight tenderness to pressure 
in the right lower quadrant, was negative. 

DISCUSSION 

Eeeoveiy from subacute bacterial endocarditis is not common. In the 
lai’o-e series of patients with subaente bacterial endocarditis studied,^' 
Libman and Billings,^ recovery occurred in from 2 to 3 per cent. Heni.V 
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sted- described a complete recovery in a case of subacute bacterial en- 
docarditis superimposed on a congenital defect of the right ventricle. 

The unusual course of our patient’s illness is remarkable and several 
points are -worthy of emphasis; bust, the question of the portal of entry 
of the Streptococcus^ viridanss. In the 330 eases analyzed by Blumer," 
a possible poilal of entry is recorded in 17 per cent. That bacterial 
.systemic infection may follow no.se and throat operations is well kno-wii 
clinically. Nephritis and subacute endocarditis liave been described 
complicating the.se procedures. In the subject of this report, a tonsil- 
lectomy with a pi’otraeted convale.scenee antedated the onset of the sub- 
acute endocarditis by a few months. It is worth stressing that these 
minor operations of the nose and throat should be performed during 
the quiescent stage of disease of the organs involved and that one 
should strictly consider the indications for operation in all eases and 
particularly in instances in which congenital or acquired disease of the 
heart is already pre.sent. 

The occurrence of the transient left recui-i-ent laryngeal pal.sy is in- 
teresting. This phenomenon was associated with an improvement in 
the patient’s general condition and the commencement of the afebrile 
period which has persisted to the pre.sent time. The left laryngeal palsy 
present in the case reported by Sciu-otter and Mead-* was found at 
necropsy to be due to the pre.ssure of an enlarged patent ductus Botalli 
on the left recurrent la7'\-ngeal nerve. 

The pathogenesis of the pidmonary infarction in this case deserves 
mention. In the absence of a venous source of emboli to the right side 
of the heai-t, one may postulate repeated pulmonary infarction of the 
right lung, due cither to thromboses of the regioiml pulmonic vessels 
occurring in situ or to paradoxical emboli pa.ssing from the loft heart to 
the right heart through the patent ductus Botalli and lodging in the 
pulmonary artery. 

.SUM 3r ARY 


Observations over a period of four years on a patient with a patent 
ductus Botalli and .subacute bacterial endocarditis with recovery are 
presented. 
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Selected Abstracts 


Selected Comnmnications Presented at the Society for Digestive and Metabolic 
Disorders held in Berlin i'voni July 27 to 31, 193G. (Adapted from the report in 
the Ztsehr. f. KreislauiTorseh., pp. 84(5 to SoO.) 

1. Cassisnis (Rome) : New Heart Measurements. 

Three diniensional moasurenieiils made with x-raj- sliow that the heart is definitely 
bigger in athletes than in nonathlctes. 

2. Bohnenkanip (Freiburg) ; Metabolism and Limits of Work of the Heart. 

Tlio author reviews the subject. He points out that the heart differs from 
skeletal muscle iii clunuical coniposition. It has more calcium, chlorine, phospliatides, 
and le-ss potassium and creatin. It lias no adenosine phosphoric acid. It depends 
on u plentiful oxygon supidy, and it consumes 4 per cent of the total oxygen cou- 
.sumed by the body. Its oxygen consumption depends on the heart rate and the 
minute volume outi)ut. Tlio oxygen consumption of each beat depends on the 
diastolic size of the heart. A rapid heart is a less efficient machine than a slow one. 
In trained individuals, the heart does not speed up as much as in the untrained; 
hence it is more oificient. At rates above ISO or 200 an inadequacy of coronary 
flow develops; the heart dilates so that its oxygen consumption increases and it 
becomes more inefiicieut. This iimufficiency is later contributed to by the develop- 
ment of cardiac irregularities. 

3. Knoll (Hamburg): Cardiac Work and Electrocardiograms. 

He found a notcliing of QRS and depression of the S-T segment following severe 
cxerci.se in normal athletes. 

4. Hochrein (Leipzig) confirmed the preceding observations. At times the electro- 
cardiograifliic picture may resemble that seen in coronary disease. He found 
that straining causes a sudden outpouring of blood from the lungs into the left 
ventricle and thereby leads to left axis shift. Later right axis shift develops 
because the right ventricle works against an increased resistance. 

5. Thdmer (Bonn) : New Observations on Training of Dogs. 

Dogs were trained to run on a treadmill. The hearts of those animals running a 
long distance increased in size when viewed under x-ray. 

6. Matteff (Sophia) ; Orthostatic Circulatory Collapse in Man Following Exercise. 

This circulatory collapse is due to gra,vity shock. The blood pressure, sinks to 
.35 inin. Hg- It can be relieved by placing the individual in a horizontal ' position 
■and putting elastic bandages on the legs. Hence, it is due to ‘‘bleeding into muscle 
vessels” which follows the stoppage of the muscle pumps. • ' ' 
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7. Eein, (Gottingen) ; The Meaning of MetahoUsm for the Heart and Respiration. 

nis own methods of measuring the blood flow in intact animals have shown 
that adjustments of the heart and respiration to metabolic needs are peripheral 
in origin. The first is the adjustment of the blood flow in the muscle to its need. 
The activity of circulation and respiration increases two seconds after the onset 
of effort. Tliis early increase must be reflex in origin since it fails wlien the muscles 
arc denervatcd. Carbon dioxide is the other stimulus which operates on the vaso- 
motor, cardiac and respiratory centers, and adrenalinemia is a supplementary mecha- 
nism. 

8. Broemser (Munich) emphasized the value of the venous valves in aiding onward 
movement of the blood. 

9. Kroetz (Altona) : Circulatory and Chemical Blood Regulation During and After 
Exercise. 

Training tends to improve the distribution of blood so that less goes to inactive 
organs. This acts to lessen the amount of augmentation of minute volume flow re- 
quired b}’ the heart. There is a linear correlation between flow and exercise, and 
this correlation is characteristic for each individual and for each type of exercise. 
The relative acidity of blood during exercise leads not only to a local dilatation 
of blood vessels but also to dilatation in the lung and thereby aids oxygen e.xchange. 
The acidity also leads to dilatation of the coronary arteries, and the increased lactic 
acid content of the blood makes available a source of nourishment for tlie heart 
which keeps down its oxygen consumption. In addition to acidity in general, carbon 
dioxide acts as a specific stimulant, 

L, N. K. 

Selected Communications Presented at the Society of German Biologists and 
Physicians held in Dresden from Sept. 20 to 23, 1930. (Adapted from the report 
in the Ztsebr. f. Kreislaufforscb., pp. 851 to 861.) 

1. P. Volhard (Prankfurt); Value of Byeground Examination in Hypertension 
and Renal Disease. 

The autlior found that uremic amauro.sis, uremic .spasm, and albuminuric retinitis 
Cfin occur without appreciable decrease in kidney function. Amaurosis and retinitis 
are evidence of a deficient cerebral blood supply, and the arterial .spasm is evidence 
of an increased intracranial pressure. Contractiou of tlie small vessels in the cye- 
gronnrls in hypertension is a sign of generalized constrictions of these vessels through- 
out the body, including tliosc of ilic kidney. It is not related to blood cholesterol 
content. Albuminuric retinitis (also known as i.schemic or angiospastic retinitis) 
is a danger sign, indicating similar states in vital organs elsewlicrc. 

A drop in blood pressure is an important tlicrapeutic procedure in nephritis since 
a rise in blood pressure is “a misfortune for the kidney.” The elevated pre.ssure 
in nepiiritis is not nervous in origin but is due to sonic chemical substance’s being 
curried away from the kidney by the blood. The kidney is tlie only organ liesides the 
adrenal and pituitary from which such vasoactive .substances seemingly arc liberated. 
Retinitis occur.? in “pale” hypertension and usually not in “red” (essential) 
hyficrfcnsifin. tnicn it occurs in essential hypertension, it is evidence of the onset 
of malignant nephrosclerosis. 
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2. Thiel (Prankfurt): The Significance of Eyeground Examination in the Diag- 
nosis and Differential Diagnosis of Hypertension and Kidney Disease. 

In essential (''red' ) hypertension of Voliiard only the systolic pressure is ele- 
vated, and there arc no renul damage and no eyeground changes. In fact, the retinal 
vessels arc dilated. The app(?aran(*e of .sclerosis is indicated by Avhitisli gray streaks 
along the vessels and small discrete hemorrhages. Later arteriosclerotic retinitis 
devcloits AA’ith retinal licmorrhages which follow thrombotic arterial closures or 
venous occlusions. As the hemorriiages disappear, they give rise to white speckling 
which appears and di.sappear.s. Papilledema and vascular spasm Avith ‘ 'silver wire” 
vessels in the eyegrounds is the e.vidcnee that the hypertension has changed from the 
"red” to the "pale”' form. At this stage yellowish AA'hite spots appear, and the 
picture is that of angiospastic retinitis. 

3. Siebeck (Berlin), in discussing the ••irculatory complications of hyperthyroid- 
ism, emphasized tiic A'alue of potassium iodide (0.5 gm. three times a day) given 
together Avith digipural (2 c.c. intravenously two to three times a day). The 
arrhythmias and tachycardias of hyperthyroid states are best treated with 
qiiinidine. 

4. Bansi (Berlin) emjdiasizod the frequent occurrence of hypertension in hyper- 
thyroid disease. Tachyctirdiii in liypeitliyroid states, Avhen the only abnormality, 
is not evidence of circulatory itusiifiiciency. Arrln-thmias and paroxysmal 
tacliycarditi, on the contrary, are indications for surgical intervention. Thyrotoxic 
myocarditis is difficult to diagnose clinically. 

5. Olivet (Berlin): Arteriolosclerotic Hypertension ("Pale” Hypertension). 

The prognosi.s of this form of hyperlen.sion is from tliree to six years. A high di- 
astolic pressure is a sigu of bad omen. Headuclie, albuminuria, polyuria occur early in 
the disease, and ej'egronixd changes are prominent. Late in the disease changes 
in kidney function become apparent. 

6. Bohnie (Bostock) reported the findings in tAVO cases obtained by roentgen- 
kA'mography. Kymography of a thirty-tA\’ 0 -year-old man aaIio had suffered from 
pulmonary licmorrhages since the age of eight shoAved in the left hilus a Avalnut- 
sized shadow Avhicli had arterial pulsations. This tumor AA'as connected to the 
aorta. A SA'stolic murmur aa’hs audible OA’cr the chest iu the region. These 
findings led to the diagnosis of a patent ductus arteriosus AA'ith saccular aneurysm 
of llie pulmonary artery. On deep inspiration this aneurysm increased in size 
and the arterial pressure . fell 20 mm. Hg. This aneurysm caused venous stasis 
and bronchial Amricosities by compression of the hilus; and the latter aa’cio the 
source of the pulmonary hcinorrliages. Kymography of a twenty-year-old boy Avith 
cardiac dilatation folloAving paratyphoid fever shoAved marked pulsations of the 
upper third of the left heart border Avith the pulsations in ttie lower two-thirds 
moving in the opposite dii’ection. In this case there was an inspiiatory elevation 
of the cardiac apex which the author considers a sign of cardiac dilatation. 

He then reported somp observations on animals in AA'hich x-ray opaque substances 
were injected into the cii'culation. In this way he noted marked, fluoroscopic CA’idence 
of a systolic suction by the Amntricles, AA'liich caused the auricles to fill at this time. 
In animals Avith. damaged circulation or cardiac dilatation he found that this suction 
action diminished or, was absent. In determining tlie Avork of the heart, this systolic 
suction must be included in the calculations. 
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7. Kroetz {Altona); Peripheral Veins in Eheumatic Disease, 

Tlio author reports the presence of venous saceulations an<3 venous enlargement 
in the lower cstremities during rheumatic disease. These disappear after the rheu- 
matic fever has healed. He used infra red photographs to study the.se vessels or 
employed ruby glass through which he could view the leg. These venous enlargements 
may be inflammatory or the reaction to the products released in the inflamed joints. 

8. Vodel (Berlin) advocated the use of breathing exercises to lower blood pres; 
sure in hypertension. The breathing was the deep abdominal type used against 
light rc.sistance. This was carried out two or three times a week, each period 
being for twenty to twenty-live minutes. 

L. N. K. 

Selected Communications Presented at the German Physiological Society held in 
Giessen and Bad Naulieim from Aug. -30 to Sept. 2, 1936. (Adapted from the report 
in Ztschr. f. Kreislaufforsch., pp. 816 to 820.) 

1. K. Matthes (Leipzig) ; Studies on Oxygen Saturation of Arterial Blood in Man. 

The author determined oxygen saturation of arterial blood within the ear and 
finger by his own method and compared it with alveolar oxygen tension. He found 
that a definite difference existed between the oxygen tension in the blood and the 
alveoli. He nsed this method also to determine the blood velocity in terms of cir- 
culation time. 

2. IV. Springorum (Gottingen) and D. Centenera (Madrid) : Blood Flow of Both 
Kidneys Studied with Eein Stromuhr. 

The flow is not proportional on the two sides, and differences of as much as 100 
per cent occur. These differences vary- from time to time and are not related to 
diuresi.s. Vasoconstrictor substances do not affect vessels of both kidneys equally. 

3. r. Palme (Bad Nauheim) : Concerning the Chemical Receptors of the Carotid 
Sinus. 

Adrenalin in some animal 8i)eeies causes a long lasting blood pressure drop when 
:i[)plied to the carotid sinus. Tiiis is due to stimulation of the sinus nerve and 
seems to depend on the amount of chromaffin cells in the paraganglion caroticuni. 
This and other evidence sugge.sts that the chromaffin material is a hormonal regulator 
of t!ie carotid sinus. The author believes this will explain many observations 
previously attributed to chemical receptors. 

4. E. HolzVdhner (Kiel) : Systolic Suction of the Human Heart. 

The cardiopneumogram of man is a measure at any moment of the difference 
between the amount of blood disebarge from the thoracic arteries and tlie amount 
of blood entering the thorax via the veins. The sraallnc.ss of the change in the 
pnenmograni occurring during systole indicatc.s thfit a suction action of the contract- 
ing ventricle brings into the chest an amount of blood almost equal to the amount 
di.schnrgod from it in .systole. 

5. O. F. Ranke (Berlin): Importance of Position on the Ability to Withstand 
Acceleration. . 

When acceleration exceeds 7 gm. in the lower limbs, petechia occurred. (This 
■acceleration wn.s apparently obtained by the author by centrifugal force, but this 
is not so stated in the abstract from which thi.s report i.s made.) 
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6. E. SchUtz and B. Ltieken (Berlin) : Changes in Irritability of Heart Pollowing 
Systole. 

A nietliod of stimulating the lieart at tlie end of its monopliasic action curve 
with rectilinear electrical impulse of very short duration is described. The threshold 
of irritability falls r.apidly at the end of the monopliasic curve and reaches normal 
in about one-tenth of the time occupied by the monopliasic curve. Potassium length- 
ens the refractory phase, and calcium shortens it. A similar antagonism is demon- 
strated between adrenalin and acetylcholine. Wherever a marked lengthening of 
refractory phase occurred, direct leads showed an extremely small and short action 
current. 

7. E. A. Milller (Munster) : Heart Work and Heart Volume, 

At constant minute volume, output an increase of arterial pressure in the pul- 
monary vessels increases the size of the right heart five to seven times more than 
the increase produced in the size of the left heart by a similar rise in aortic pressure. 
It is not possible to study the action of an increased minute volume at constant re- 
sistance in the heart-lung preparation since the increased minute volume causes both 
the right auricular and pulmonary pressures to rise. 

8. Kablson (Lund) and O. Mertens (Gottingen): The Cardiac Minute Volume 
in the Intact Animal Pollovfing Adrenalin. 

The authors find that the minute output of the heart never increases and in many 
cases actually decreases to a slight or marked extent following adrenalin injection. 
In the rest it is unchanged. The flow in a limb decreases by 70 per cent during the 
eight minutes of adrenalin action. Tliis is usually more or loss compensated for by 
the splancbnic area. 

9. H. Gerstner (Leipzig) : The Problem of Blood Pressure Rise Pollowing a Strong 
Electrical Current. 

Both the abdominal and arterial blood pressures rise when a strong electrical 
current is passed through an animal. 

L. H. K. 

Springorum, W.: The Reactions of the Vessels of the Skin to Active Principles of 
the Body. Arch. f. d. ges. Physiol. 238: 353, 1936. 

The author employed Rein’s thermostromuhr for measuring the blood flow in 
small arteries known to supply, and small veins known to drain, only skin. The 
animals used were dogs. Two sites were selected as most convenient: a small artery 
and vein (1) serving the skin of tlie ear and (2) those serving an area of the 
hip and thigh. Simultaneous records were in this way obtained of the flow of blood 
in a small artery, supplying skin, the .small vein draining that particular region, and 
the arterial pressure in the carotid or femoral arterj*. 

Small amounts of adrenalin caused a prompt decrease in blood flow through the 
artery and a somewhat slower return to the normal rate. Two types of reaction were 
observed in the veins: one in which the change in rate of flow followed that in the 
artery almost simultaneously and one in which a small increase accompanied the 
decrease in the artery and then a delayed decrease which was considerably slower 
than that of the arteiy in returning to. normal. The latter reaction is of considei- 
able interest, for in this reaction lies the explanation of mobilization of a not incon- 
■siderable amount of blood ordinarily stored in the skin. Figures for the relative 
frequency of the two types were not given. The flow of blood into the skin through 
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tiie .-irtpry %Yliile that flowing out increases. This dissimilarity in flow may 

pt-rsist for as long as a minute. Tim author states that he wishes to emphasize the 
f-«-t that tlio L-pe of venous flow varies not with the site chosen for study Irut with 
the individual animal. 

Histamine e%okes a sharp increase in flow through both the artery and vein, almost 
siDfultaiieous with the fall in arterial pressure. The venous response may be delayed, 
thus providing for storage of blood in the skin. It was also observed that if the 
dose of histamine was larger, the curve of increase of peripheral flow might be tem- 
porarily interrupted only to continue on to its peak simultaneous!}', with reestablish- 
ment of arterial pressure. This phenomenon appeared to be plainly a jjassive one 
to the author and might be capable of explaining variation in the published results. 
The results obtained with acetylcholine were for the most part very similar to those 
obtained with histamine, but were, perhaps, more pronounced. The study demon- 
strates clearly the occurrence of withdrawal or admission of blood to the depots in 
the skin. In passing, the author mentions the fact that the skin is apparently ten 
(0 fifteen times as sensitive to adrenalin as the kidney. 

J. M. S. 

Bartschi, W.; The Reaction of Coronary Arteries to Acetylcholine. Arch. f. d. ges. 

Physiol. 238; 29G, 1936. 

Because of confusion over the question of the reaction of the coronary arteries 
to acetylcholine, the literature of which the author briefly reviews, Biirtschi thought 
that it was worth while to test in a standard manner a rather large number of speci- 
mens. Twenty-nine preparations of ox-heart coronary arteries were tested one hun- 
dred and eleven times. The almost invariable result was contraction. In one prep- 
aration contraction was obtained eleven successive times without diminution, it 
followed as great a dilution as one part in 2,5 million in one instance; sometimes as 
imndi as one part in 500,000 was needed. Atropine abolished the reaction, adrenalin 
reversed it ; that is to .say, adrenalin was followed by dilatation. The experiments 
were carried out on excised rings of arteries, 2 mm. wide, obtained from animals one 
and a half to two and a half years old, at times varying from one hour to three 
days after .slaughter. That atropine abolished the reaction would appear to obviate 
the objection to the u.se of c.xcised rings. 

,1. AI. S. 

Dragstedt, Carl A., and Mead, Franklin B.: A Pharmacologic Study of the 

Toxemia Theory of Surgical Shock. J. A. M. A. 108: 9.5, 1937. 

The abrupt va.somolor symptoms of anaphylactic shock may be duplicated by 
r.ijvid intruvenou.s injection of a large dose of histamine. In each instance the pres- 
ence of a Y asodepre.s.sor, smooth muscle stimulating .substance which is apparently 
histamine, can lx; detected by the usual biological a.s.say of heparinized blood plasma 
or thoracic duct lymjili. Jn nine experiments on dogs in which the surgical shock 
'.As produced by traumatization of one or both liind legs or by traumatization of 
the extruded intestine, or a cond/niation of the.^e procedures, no phy.siologically 
acti'c subsfance could bo foimd in the blood or lymph. 

In an aHempt to dujilicate the gradually progressive blood pre.^-sure fall of surgical 
shfc-k in order to oliminute the objection that liistamine might not be detected becau.se 
d IS simu in-activated, the authors used slow continuous intravenous injection of 
'ar}ing concentrations of histamine without succe.ss in exact rcproiluction of surgical 
.“hock. ' * ' ■ 

lour twin ex-periments were performed using two dog.s eaidi. In the one dog 
Mirgical shock was jiroduced, in the other shock was produced by liistamine sub- 
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cxitaiiGoiisly, Samples of blood and Ijmpli were taten and tested simultaneously. 
XJniformlj , blood samples in surgical sliock were negative, while in the same amount 
of shock by histamine the samples were positive. 

L. S. 

Broiiha, L,, Cannon, W. B., and Dill, D. B.: The Heart Bate of the Synipathec- 
tomized Dog in Best and Exercise. ,T. Physiol. 87: 345, 1936. 

The factors which determine the acceleration of the heart rate as a result of e.xer- 
c.ise have been studied in many experiments. In order to obtain additional informa- 
tion concerning these factors, a scries of experiments has been performed on totally 
sympathectomiKcd dogs. A standard form of exercise on a motor-driven treadmill, 
running at different speeds for different periods of time, was used to test the be- 
havior of the dogs. From these experiments one can conclude that the cardiac 
rhythm of the inactive siTupathectomized dog is less than that of tlie normal animal. 
However, emotional excitement produces definite cardiac acceleration, and on exercise 
there is an increase in lieart rate which is about 30 to 40 per cent below that of 
tlie normal dog. Tlie general behavior in dogs is quite different from that of 
sympathectomized cats. The capacity to withstand intense exercise is not diminislied 
in the. sympathectomized dog, but because of lack of training there is a lessened 
capacity for prolonged exercise for from six to eight weeks following sympathectomy. 
This differs somewhat from the results obtained in a similar e.xperiracnt by Samaan, 
who found that his sympathectomized dogs had an increased capacity for work de- 
spite the fact that their heart rales were only two-fifths the normal maximum. 
Cardiac acceleration after sympathectomy is not due to a rise in body temperature 
nor to muscular metabolites, secreted adrenalin, or s;nnpathin, but is probably due to 
a reduction in the tonicitj' of the oardioinhibitors of the vagi and an increase in the 
tonicitv of tlie vagal cardioaccelerators, 

E. A. H. 

Ejetizfuchs, S.: Occult-Pulmonary Cardiopathy, Ztschr. f. Ivreislaufforsch. 28: 
841, 1936. 

The author describes lung conditions which displace the trachea in the x-ray pic- 
ture and change the aortic shadow. The symptoms in such cases are not to be con- 
sidered cardiac in origin nor should they be described as neurotic manifestations. 
Thev are evidence of the pulmonaiT involvement. 

L. K K. 

Eldblom, L. E.: Investigations of the Difference in Skin Temperatures Between 
the Lower Extremities in Dnilateral Sciatica. Acta med. Scandinav. Suppl. 78, 
Beport of 17th Scandinavian Congress of Medicine, June, 1935, p. 834. 

The results of studies on 43 normal and 57 individuals with sciatica are given. 
The method of measuring what the author speaks of in the title as ‘'skin tempera- 
tures” and usually in the text as “heat-transmitting capacity” is of considerable 
interest. Cylinders lined with cloth arc placed about the thighs, the ends being 
closed by boards uith holes in them to tit the leg so lightlj^ that disturbance of the 
circulation does not occur. Tlie bulb of a mercurial thermometer is thrust through 
a.^ snugly fitting hole into tliis rough calorimeter, leaving the scale, reading in 0.1° C., 
outside. Tlie cylinders are the same size. The two pairs of boards chosen to close 
tlie upper and lower ends have apertures of the same size, and so, whether or not 
the two. legs are of the same size, when the cylinder and boards are pushed far 
enough up the thigh, for the apertures to tit snugly, approximately equal areas 
of skin are included in the two calorimeters. The thermometers are then read until 
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their recorded temperature has become constant, which takes place within from forty- 
five to seventy -five minutes. Obviously the temperature in the cylinders bears some 
relation to the rate of heat production of the enclo.scd leg and to tlie rate of heat 

10. st to the room. If the latter is constant, the temperature increases in some fashion 
with increa.=e in production of heat by the tissue enclosed. The author states that 
‘‘actual ‘absolute' temperature of the skin is at most only an abstract idea," and 
tliat relative measurements therefore often furaish adetpiate data for comparing 
lilood flow. 

In 13 normal individuals, the final differences in temperature which were estab- 

11. “hed within the cylinders on the two thighs were 0.2° C. in 7, 0.1° C. in 10, less than 
0,1° C. in 3, and 0.0° C. in 17. In 57 individuals suffering from sciatica tlie 
4ailorimeter on the tiffeeted leg was less than the normal by from 0.5 to 0.9° C. 
in 15 case.s, by 0.4 in 5 case.s, and by 0.3 in 14 eases. That is to say, 34 c.Jises 
.allowed differences greater than normal. Ten were borderline cases (0.2° C. differ- 
ence always, however, lower on the affected side) 8 were normal, and 5 showed 
tomjieratures higher on the affected than on the normal leg. He states that all 
of the last groups had been treated. Eleven cases were studied during recovery, 
and in each a tendency to increase in temperature with respect to the normal side 
was ob.sen'cd. 

In one experiment a normal individual was subjected to rather excruciating pain 
by placement of paper elip.s and “Paens” forceps on the skin of the foot and 
thigh of one leg. The position of the clips was frequently changed. Contrary to 
most ob-servations of surface temperature in pain, a ri.se in heat-transmitting ability 
occurred not only in the injured, but also in the opposite leg and to the same degree. 
Tliis suggests that the low temperature u.sually found in the sciatic limb is not 
a pain reflex. 

Concluding from these obseiu'ations that many ea.ses of sciatica are associated 
with, if not due to, a lowered blood !5ux)ply the author proceeded to treat them with 
caffeine, which he has previously demonstrated to be a vasodilator of skin vessels, 
and with “fever treatment’’ by injecting .su.spensions of killed colon bacilli. For 
botli of these forms of treatment he claims excellent results although details are 
not given. With the onset of fever he ob.scrvcs that the heat transmitting capacity 
of both leg.s ri.scs and the pain disappear.s, the affected one lagging behind at finst 
but gradually attaining flic same capacity as the normal leg. 

J. M. S. 

Kenenhof, W. T., and Kohl, H.: Contributions to the Physiology of Age; IX. 

Chemical and Histological Studies Upon the Aorta of the Horse. Ztschr, f. d. 

ges. exjier. Med. 99: .13, 1930. 

The authors have undertaken the present .study a.s a sequel to the .studies of 
Biirger and Scldoinka dealing with chemical chaiige.s in tissues with age in order 
to furnish a<lditional evidence eoncerning purely jihysiological changes with age. 
The horse was chosen for study becau.se the cow and ox, studied by Gerritzen, 
are usually slaughtered before the age of fifteen years. 

Tiie aortas were obtained from 09 horses, 20 from 3 to 10, 29 from 11 to 20, 
and 20 from 21 to 30 years old. Tlie animals had been for the most part engaged 
in farm work am] fed on oats, hay, chopped straw, and bran. The tliicknc.s.s of the 
wall and content of moisture, nitrogen, cholesterol, and calcium were sfudiei!. 
riistological soft ions were al.^o made. 

Tlie thickness of the %v,a]l of the arch increa.sed from 4.75 to G mrn. faverage of 
liie first and third d'S’ade.-!), but at the caudal end no iiicrea.se occurred. The dry 
weigist in grams jn-r cent of fresh tissue increased regularly for each decade, the 
22. 5G per cent, the .‘•ecoiid 2.J.1.5 per cent, tlie third 2G.30 per cent, but the 
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nitrogen content \va?, interestingly onougli, greatest in the second decade, 4.23 gm. 
per cent of fre.sh tissue (first decade, 3.SS, and tliird, 3.93 gm. per cent). It follows 
obviously that the increase of dry weight did not represent merely a uniform loss 
of water. This conclusion was borne out by the fact that cholesterol and calcium 
contents increased markedly and wore found to be respectively, in the first decade 
144.4 and 32.89, in the second, 202.9 and 20.5S, and in the third 240.3 and 27.2 
nig. per cent. 

Histological changes were most .striking in the media. Two microscopic sections, 
one from the aorta of a si.x-year-old, and one from a twenty-six-year-old horse, are 
rejtroduced. The e.ssential changes were decrease in the number and concentration 
of elastic, fibers and nuclei and deposition of an indeterminate gelatinous substance 
which is, as deduced from staining reactions, not amyloid, hyalin, or glycogen. 
The substance was found to stain specifically with cresyl violet. 

Because of the nature of the diet of these animals, the authors believe that tlie 
changes ob.servcd were not related to it and that they have, therefore, to do only 
with phy.«iological aging. 1’hey express the opinion that because of the work of 
Anitschow and subsequent workers entirely too much emphasis has been placed 
upon the influence of diets rich in crgostcrol and cholesterol which were, apparently, 
conspicuous by (heir absence in the <licl of the Jiorsc, and upon the use of nicotine 
and alcohol which the horses obviously did not use. 

One criticism of tlio criteria used for e.stimation of age, namely, condition of 
the teeth, seenm, however, to merit attention. It is conceivable tliat the phy.siological 
age of the teeth might parallel the physiological ago (as described) of the aorta 
rather than the chronological age of the animal. 

J. M. S. 

Weiss, Soma, Wilkins, Eobert W., and Haynes, Florence W,: The Nature of Cir- 

ciUatory Collapse Induced by Sodium Nitrite. J. Clin. Investigation 16: 73, 

; 3037. 

Sodium nitrite, which in the prone normal subject will produce slight or no 
circulatory changes, will lead in the upright patient to progressive vasomotor col- 
lapse, often terminating in syncope. A study of seven normal adults showed that 
after administration of sodium nitrite the upright position produced restlessnes.s, 
yawning, perspiration, cyanosis, ashen color, drowsiness, dilated pupils, and syncope. 
The systolic blood pressure fell; tlie «liastolic blood pressure was sustained; and 
tlie venous, pressure fell rapidly to a level below tlie hydrostatic level of the right 
tiuricle; tachycardia was present until bradycardia appeared just before syncope; 
and the maximal blood flow tlirougb tlie band was moderately decreased until 
just before syncope when it decreased to zero. The blood flow to the legs decreased 
in the upright position before and after administration of sodium nitrite. Skin 
femperatures and electrocardiograms showed no remarkable changes. 

The vasomotor collapse produced by sodium nitrite is essentially due to a dis- 
proportion between circulating blood volume and the volume of tlie peripheral 
vascular bed, caused by a peripheral pooling of blood. 

L. S. 

Wilkins, Eobert W., Haynes, Florence W., and Weiss, Soma: The Eole of the 

Venous System in Circulatory Collapse Induced by Sodium Nitrite. .1. Clin. 

Inve.sligation 16: 85, 1937. 

Using the height of the plethysmographic tracings as an index of decreased re- 
sistance of the ' ' venous ’ ’ vessels to stretch, and the steepness of the curves obtained 
as an index of arteriolar resistance to blood flow, the authors found a definite de- 
crease in the ‘ ‘ venous ’ • tone after administration of sodium nitrite ; even in the simul- 
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lancous presence of an increase in the resistance offered by the arterioles to tlie 
flovr of blood. There was definite decrease in “venous tone” in four of five sub- 
iccts tested at S7..5° C. Tlie variable response of the hand at 32° C. bceame marked 
response in the presence of reflex vasodilatation produced by placing the opposite 
hand in water at 45° C. Decrease in resistance to stretch in the veins following 
administration of sodium nitrite results in an excessive dilatation of these vessels 
under tiie additional stress of the hydrostatic pressure of blood when the subject 
is in the upright position; this results in a peripheral pooling of blood. 

These observations demonstrate a blood depot in addition to that in the splanch- 
nic area. Certain types of collapse may be attributable to this peripheral depot. 

L. S. 

David, F., and Siedek, H.: A Bloodless Method for Measuring Pressure in the 
Pulmonary Artery. Ztschr. f. d. ges. cxper. Med. 100: 54, 193G. 

The method was suggested to the authors by the observation during bronchoscopy 
that a certain portion of the wall of the right bronchus pulsated s^mchronously 
with the heart and by the fact that anatomically this portion lies almost against 
the pulmonaiy arteiy. The procedure is to place a small rubber balloon in the , 
bronchus at the point which pulsates, to connect it by a rubber tube to a mercury 
manometer, a Frank capsule, a Broemscr glass membrane manometer, a slow re- 
lease valve, and a pressure pump. The balloon is then blomi up to a pressure 
exceeding that existing in the artery and allowed to fall slowly. The Frank cap- 
sule records the pulsation, the glass membrane manometer the level of pressure 
(calibrated by the mercury manometer) optically upon photographic paper. The 
point at which the ordinate pa.ssing through the region of maximum pulsation as 
registered by the Frank capsule cuts the simultaneous record of pressure in the 
balloon is taken as the pressure in the pulmonary artery. 

The four records given as samples of some 35 or 40 e.xperiments on dog and 
man arc far from decisive not only as to where oscillation begins and ends, but 
even as to where maximum oscillation occurs. Eight comparisons of this method 
in dogs with direct measurements agree, however, within 10 per cent. The range 
of jrt-o.ssnres found to exist in the pulmonarj- arteiy was from IS to 40 nim. Hg 
for both dog and man. 

The ingeniousness of the method is admitted, but until clearer oscillatory records 
can bo obtained enabling one to estimate systolic and diastolic levels, or at least 
a clcar-cut mean jircssure, the method would not appear to be useful. One must 
recall also that the anatomical proximity of the pulmonarj' artery to the bronchus 
is the onl}- evidence olfered that what is being measured is really pulmonar}- arterial 
pressure. 

J. M. S. 

Looney, J. M., and Jellinek, E. M.: The Oxygen and Carbon Dioxide Content of 
the Arterial and Venous Blood of Normal Subjects. Am. J. Phvsiol. 118: 223, 
1P37. 

A study has been made of the venous Idood oxygen and cjirbon dioxide in G7 
normal subjects and of the arterial blood in 29 normal subjects. The levels of these 
gases in both arterial and venous blood show considerable variation in the same 
individual at different time.s. The normal mean value of venous oxygen is lower 
and the mean value of carbon dioxide is higher than the values commonly accepted. 
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These idifferenees are thought to be due to too much reliance on oil to protect 
the blood gases from exchange with the atmosphere. No significant correlation was 
found between the levels of arterial and venous oxygen or carbon dioxide. 

E. A. H. 

Kohan, E., and Hoffmann, J.: Electrocardiographic Observations in Malaria. 

Ztschr. f. Kreislaufforsch. 28: 643, 1936. 

There is no characteristic electrocardiographic abnormality in malaria, and there 
is no relation between the amount of abnormality and the severity of the malaria. 
A common finding in such cases was a transitoiy prolongation of A-V conduction 
during the febrile stage of the cycle. In addition in the febrile stage, transitory 
changes occurred in the P- and T-waves accompanied by a lengthening of the 
duration of systole. 

L. N. K. 

Gotsev, T., Lncken, B., and Sinrmendinger, W.: The Influence of the Splanchnic 

Region upon the Systemic Blood Pressure. Ztschr. f. d. ges. exper. Med. 100: 

81, 1936. 

A series of elaborate and yet, in certain ways, rather crude experiments are 
described in wliich various i)ortions of the circulatory system were excluded by 
ligature from participation in vascular reactions to various diaigs. The effects 
of adrenalin, nicotine, histamine, and acetylcholine were studied, first with the 
circulation intact; second, before and after extirpation of the splanchnic region; 
third, after various regions such as the head, forelegs, or hindlegs had been 
excluded; and fourth, when only the splanchnic region remained in the circulation. 
Oncometers were usually placed about a portion of the small intestine and occa- 
sionally about the spleen. In another series of experiments the outflow from the 
portal vein was measured. Tlie arterial pressure was always recorded, usually by 
connecting an artery to a mei’cury manometer. There is a detailed account of the 
results in each group of experiments and many reproductions of smoked drum 
records. 

The description of the results for the various groups of experiments and the 
conclusions drawn therefrom arc, to the reviewer, confusing and even, in some 
instances, contradictory. By the described methods, the following reactions of the 
intestinal vessels were found to exist; 1. After adrenalin and nicotine, vasoconstric- 
tion occurred, followed, as previously described by the authors, by vasodilation. 
The hitter reaction is by the present work proved to be passive, i.e., occurs because 
the blood pressure remains elevated after the peripheral vessels have returned to 
normal caliber. An elaborate and perhaps misleading method of calculating periph- 
eral resistance (ratio of change in pressure to change in venous outflow per unit 
of time) is, used to substantiate this argument. 2. Acetylcholine gives rise to vaso- 
constriction in the splanchnic region followed often by vasodilation. Of interest 
with regard to this conclusion is a record in wdiich a rise of blood pressure and a 
simultaneous constriction of the vessels of the small intestine follows injection of 
acetylcholine when the splanchnic region only is in the circulation. 3. Histamine 
also is followed by contraction of the intestinal vessels (actually measured as de- 
crease in volume of the intestine) and decrease of the outflow from them. The 
blood pressure fell, however, in contradistinction to the reaction to the three other 
drugs, 4. Exclusion of the liver, of the splanchnic region, or of a part or the 
whole of the nonsplanclinic iiortions of the systemic circulation did not change 
essentially the form of the reaction of the peripheral vessels to any one of tlic 
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four drugs used. This conclusion is difficult to align with the experiment noted 
under conclusion 2 since in the intact circulatory system acetylcholine was followed 
by a fall in arterial pressure, 

' Rome of the results of these studies are interesting because they are contrary 
to the usual conception of the action of such drugs, as for instance, acetylcholine. 
Unfortunately, the authors are not clear about the particular type of peripheral 
vessel (i.c., arteriole, capillarv- or venule) that they are studying. They accept 
decrease in outflow from an organ as evidence of increase of peripheral resistance 
and lightly assume, the evidence being very poor, that there is no storing of blood 
in the organs. They mention, only to waive, objections such as change in volume 
of the gut itself to the use of intestinal volume as a record of constriction or of 
relaxation of the intestinal arterioles. For these reasons, the conclusions appear 
to need confirmation. 

J. M. S. 

Sunder-Plassmann, P., and Muller, K.: Raynaud’s Disease and the Neurovegeta- 

tive-Honnone System. Klin. Wchn-sehr. 16; 145, 1937. 

A well-studied ease of Raynaud’s disease of the hands in a woman, twenty -seven 
years of age, is reported. Kumbnc.ss and blanching had been present for six years; 
severe attachs of pain, pallor and cyanosis, and thickening of the skin, for three 
ycar.s Infections of the fingers had been frequent since adolescence and alwaj's 
healed slowly. Diathermy and use of padutin were without effect. On examination 
typical attacks of Ra}"naud’s disease of the hands were witne.sscd, and permanent 
tropic changes were noted. Tlic feet were cold but otherwise normal. Blood sugar 
was low (59-G7 mg, per cent), and after injection of suprarenin tlie blood sugar 
curve showed a delayed rise suggestive of adrentil insufficiency. The blood calcium 
level was high (15.2 and 17.2 mg. per cent). Tlie notion of a parathyroid tumor 
%vas entertained. Bilateral injection of the stellate ganglion with novocaine afforded 
such complete and immediate relief that e.xtirpation of the left .stellate ganglion 
was done. This operation was followed hy flushing of hoth liands hut only the 
left grew warm, and so four days later the right ganglion was removed ; removal 
was followed by relief of symptoms and increase of temperature on the correspond- 
ing side. Examination nine months later showed that relief was still complete. 
More remarkable still Avero the findings that the level of calcium in the blood had 
returned to normal (12.5 mg. per cent) and that the rise in blood sugar after 
.''uprarenin was le.'^s delayed. Pathological changes were found in the excised ganglia. 
The authors believe that tlic ease supports the idea that Raynaud’s disease is of 
‘ ‘ nourovegetati ve-liormonal ’ ’ origin. 

J. M. S. 

Smithwick, E. H.: The Value of Sympathectomy in the Treatment of Vascular 

Disease. X. England J. Med. 216; 141, 1937, 

Dorsal and lumbar sympathectomies for relief of arterial spasm in upper and 
lower extremities respectively are successful when preganglionic section rather than 
ganglionectomy is performed. Long-standing success from lumbar sympathetic 
gunglioncctomy is attributed to file resultant jireganglionic section since the ssmapsos 
lo tlie va.soeonslrictor fiber.* in the foot lie in the ganglia below, rather than in 
those customarily excised. Ganglionectomy in the thoracic region has not met 
with succe.ss^ because it consists in removal of the ganglia concerned in the 
sympathofse innervation of the hand and re.su1t.s in marked .sen.sitivily of the vessel 
wrdl to symiiathieomimefic lionunne.s. Preganglionic section of appropriate dorsal 

sympatlietics. Avhile leaving the ganglia intact, Ict.ds to satisfactory vasodilatation 
in the upper extremities. ’ 
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In angina pccforis painful impulses from the heart jsass only to the upper four 
to six ganglia of the thoracic sympathetic trunk. Excision of the ganglia or section 
of the rami between these ganglia and the corresponding intercostal nerves is an 
operation of magnitude, but it will result in complete denervation. Paravertebral 
alcohol injection, when skillfully done, is equally satisfactory, carries a negligible 
lisk, and results in very little disabilitj*. The majority of cases require left-sided 
injection.® only. Good results were obtained in all but three of thirty-five cases 
so treated by J. C. A^^^te. 

Seven methods of splanchnic .sympathectomy for relief of essential hypertension 
arc disemssed. In early cases symptomatic improvement and a marked fall in 
blood pressure resulted from appropriate splanchnic sympathectomy. Considerable 
improvement resulted in less advantageous case.s. It is possible that sympathectomy 
will defer or even prevent irrevei-siblc, sclerotic changes in the vessels. 

H. M. 

Pearl, Felix; Peripheral Arteries: Their Importance in Industrial Practice. Cali- 
fornia & West. IMed. 46: 

Tlie imj)ortant part played by di.«eases of the peripher.al arteries in industrial 
accidents has not been sufticiently realized in the past. The rfde of the peripheral 
arteries as related to industrial practice may be .divided into two broad phases: 
(1) direct injuries to j)reviously normal peripheral arteries; (2) industrial accidents 
occurring in individuals who have chronic arterial disease. The indications for and 
treatment of peripheral di,®easc in indimtrial practice are discussed. 

E. A. H. 

Lindskog, G. E., and. Howes, E. L.: Cervical Eib Associated With Aneurysm of 
the Subclavian Artery. Eeport of a Case and Eeview of the Eecent Literature. 
Arch. Surg. 34; 310, 1937. 

A new ease of aneurysm of the subclavian artery in association with cervical 
rib is reported and the literature on tlie subject which has collected since Halsted’s 
summary in 1916 is reviewed. There is no agreement as to the proper method of 
treatment in such cases. A study of tiie cases recorded in the literature reveals 
that this type of aneurysm does not tend to increase in size nor is there great 
danger of rupture. It would appear that surgical removal of such aneurysms is 
dependent upon the presence of complications, such as pressure on the brachial 
idexus. Eecent studies indicate that the vascular deficiency in the affected arm 
is due to reflex effects on the peripheral arteries from local irritation rather than 
to the pathologic changes in the artery itself. For this reason, when surgeiy is 
done, it would seem tliat scaleniotomy is preferable to resection of the rib. Such 
a. procedure was carried out with satisfactory results in the case which is reported. 

E. A. H. 

Silbert, Samuel: Tbrombo-Angiitis Obliterans and Addison’s Disease in the Same 
Patient. .1. A. IV[. A. 108: .551, 1937. 

A twenty-year-old white youth was observed intermittently from April, 1935, to 
May, 1936! He had experienced symptoms of peripheral arterial occlusion for one 
year, and had developed gangrene in a great toe. The foot healed under treatment 
in six weeks, but a month later pigmentation, hypotension, weight loss, and chemical 
studies led to a diagnosis of Addison’s disease. There was no cb'nical evidence of 
tuberculosis or syifiiilis. The chest x-ray film showed no evidence of tuberculosis. 
Administration of adrenal extract was followed by a satisfactory decrease in tlie 
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manifestations of Addison -'s disease. No clear correlation is presented between the 
administration of adrenal extract and further improvement in the condition of the 
affected limb. 

Tlie question is raised whether the Addison’s disease could be due to atrophy 
of the suprarenal glands secondary to obstruction of their blood supply by vascular 
disease. The author points out that thrombosis of intraabdominal arteries in 
patients with thromboangiitis obliterans occurs only when the disease is very far 
advanced and that occlusion of the arterial blood supxdy of both adrenal glands 
has never been reported. 

H. M. 

Flint, E. E.: An IJnusual Vascular Complication of Cervical Rib. Brit. J. Surg. 

24: 022, 1937. 

A nonpulsating swelling in the right supraclavicular fossa was seen in a patient 
witli bilateral cervical ribs. Operation revealed a thrombosed aneurysm of the 
subclavian artery lying on a sharp projection of a cervical rib. The aneurysm was 
excised, and the pain which had been present in the hand disappeared. 

H. M, 


Upnis, V., Gaylor, J. B., and Carmichael, E. A.; Vasodilation and Vasoconstriction 

in Response to Warming and Cooling the Body. A Criticism of Methods. Clin. 

Se. 2; 301, I93G. 

The reliability of shin temperature measurements as an index of vasodilation 
and vasoconstriction has been studied by determining the response of the skin 
temperature to wanning and cooling of the body in four normal subjects and in 
two subjects witli damaged spinal cords from fracture of the spine. Vasodilation 
was produced by a heat tent or by the method of Gibbon and Landis, and vaso- 
constriction was produced by placing the limbs whicli were not tested in tanks of 
water at 9° 0. to 12° C. after adequate warming had occurred. The rectal tempera- 
ture was taken by a special thermocouple placed high in the rectum. The rectal 
temperature recorded in this way is believed to be a suitable index of arterial blood 
temperature and, in all probability, the temperature of the blood going to the 
central nervous system. Tliesc experiments indicate that in the normal subject the 
onset of va.sodilation is dependent upon the local temperature of the limb, the 
posture of the limb, and the rapidity of rise of blood temperature. The hot air 
hatli produced only a low gradient of blood tcmpierature rise, wliereas, immersion 
methods gave a rise in l)lood temperature adequate to overcome local conditions 
apart from marked changes in posture. The gradient of rise of blood temperature 
is of importance in both the vasodilation produced br’ the hot air bath and immersion 
methods, but the actual temperature of the blood is of importance only when the 
hot air bath i.s utilized. If the blood temperature is not rising rapidly, the time of 
onset of vasodilation in the limbs of the subject .should not he accepted as an 
indication of disturbance of the nervous mechanism. 


E. A. H. 



Book Reviews 


DIE HEBZ- UND GEFaSS- KEANKHEITEjST. By Professor Dr. Walter Frey, 

Direktor cler Medizimsclien Universitiltsklinik, Bern. Berlin, 1936, Julius 

Springer, 341 pages, 01 figure.?. Price (paper) EM 29.— ; (bound) EM 32.60. 

Frey has recently published an interesting volume on diseases of the heai-t and 
blood vessels in which he discusses the fundamental background of the various ab- 
normalities of the circulation. The book is essentially one of etiology, pathology, 
and pathogenesis. J^luch less attention is paid to the clinical side— that is, to the 
diagnosis, prognosis, and treatment. Hence the Avork is much more important as a 
fundamental survey for the student and practitioner than for clinical reference. 
It is refreshing to find a A’olume like this from the Old World based on an etiological 
classification. 

Tlie arrangement of tlie book is as follows: 

L Embryology (a few pages). 

II. Congenital defects and developmental defects, with tables of normal grondli, 
and including a discussion of involution in old age. Tlie author refers in this 
section of the book to the fact tliat there is no growth hypertrophy of the heart 
as such. 

III. Indurative lesions, including scleroses and abnormal muscle chemistry. 

A. Cardiosclerosis. 

1. Aortic sclerosis. 

2. Valvular sclerosis (in Avhich too much space is given to mitral sclerosis). 

3. Coronary sclerosis (in wliich the arrhythmias are discussed). 

B. Arteriosclerosis. 

1. Aorta. 

2. Pulmonary arteries. 

3. Middle sized vessels. 

Under this heading there is a discussion of blood pressure, elasticity of arterial 
Avails (AAdth formulas), pulse pressure and the sphygmograin, pulse size, and heai-t size 
and form. Tliere is too much included here. 

4. Sclerosis of the visceral arteries (arteriolosclerosis) Avith a discussion 
particularly of kidneys, pancreas, and spleen. 

C. Phlebosclerosis. 

These sections complete about half the book. Then Ave go on to 
ly. Bacterial toxic damage, mostly allergic, Avith a discussion of 

A. General pathogenesis. 

1. Leucocyte reaction. 

2. Metabolic reaction. 

3. PeA’er. 

B. Carditis. 

1. Endocarditis, subdivided into the rheumatic, ulcerative, and inactive 
valve lesions. E-ather clumsily under heading A, there is a discussion of the treat- 
ment of myocardial insufficiency and the application of digitalis, etc. 

2. Myocarditis. 

a. Parenchymatous, as from diphtheria. 

b. Interstitial rheumatic. 

c. Embolic bacterial. 
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3. Pericarditis. 

a. Contact pericarditis— dry, with clTusion, and adlicsive. Here it is 
of interest to note that the author suggests a trial of diathermy in calcification of 
the pericardium. 

b. Bheumatic, in which Brauer’s and the so-callcd Schmieden’s (the 
Delorme) ojieration are recommended. It has been the general experience, however, 
that rheumatic pericarditis does not fit into this category, that is, constrictive peri- 
carditis is practically never the result of rheumatic pericarditis and so this recom- 
mendation of therapy is misplaced. 

c. Bacterial, embolic. 

G. Arteritis. 

1. Bacterial. 

. a. Alv'cotic. 

b. Tuberculous. 

c. Syphilitic. This discussion of syphilitic arteritis, including the de- 
tails of treatment, is one of the most satisfactory sections of the book. 

2. Toxic, rheumatic. 

a. Periarteritis nodo.sti. 

b. Thromboangiitis obliterans. 

D. Phlebitis. 

1. Bacterial, embolic. 

2. Toxic, a-bacterial, reactive. 

V. Endocrine and vegetative neiwous alTections of the heart function. 

A. The so-callcd dysglandular conditions. 

1. ITyperthyrosis (Iiyperthyroidi-sm). 

2. Tlypothyrosis (myxedema). 

3. The climacterium. 

4. Adrenal insutficicncy. 

B. Ncuro.'-e.s. 

1. Constitutional, congenital. 

2. Acquired. 

Tlie volume close.s with a brief index. 

TIii.s book can be heartily recommended to those who wi.sh to study or to review 
the fundamental causes of cardiovascular disease, but it cannot be satisfactorily 
used as a te.xlbook for the diagnosis and treatment of these disorders. 


Errata 


In tlic article, •'Coronary Tiirombosis: An Investigation of Heart Failure and 
Other Fill-tor,- in Its Cour.-e and Prognosm,” by M. Miister, M.D,, 8. Diick, M.D., 
itnd 11. ].. .TiilTe, M.I)., New York, K. Y., a|»pearing on page 3.'!0 of the IHarcli is.sue, 
the fnllcnviiig eorrci-tions are nmde: 

In Table IV the heading “.Slighlly Prolonged (12-20 ” .-honld read 

“ Slightly Prolonged { 1S-20 .sc,-.) • ’ inutead. ' 

On piige .340, line 12, “ (13 per cent)” .•■hould be changed to “ (20 per cent),” 

In Table XTI the last tliree figures in the la.-t column should read; 42% 

00 % 

10 (42%). 
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Original Communications 


TllRO]\mOANCTnTTS OBLITERANS IN NEGROES’' 

Reookt of Five Cases Studied ARTERiooRAPHicALrA" 

AND PATIIOEOGTCALTA' 

Y-aei.ace Yater, :\r.D. 

AVashinoton. D. C. 

T HROMBOANGITTIS obliterans, proved patbolofrieally, lias appar- 
ently never been de.seribed in ne^’roes. Tlie only reference in tlie 
litcratnre to the oeeiirrence of Ibis disea.se in a iiej^ro is that of Gein- 
inilld who re])orted a ease of bilateral •ranjrrene of the Icfrs as such 
but who nnfortnnatcly did not perform a patboloprical study of the 
ve.ssels of the amputated limbs. Questionnaires sent to some of the 
leading aiithoritie.s on peripheral va.scnlar di.sea.se, including E. V. 
Alleii, Geza de Takats, Saul S. Samuels, and IIoAvard R. Mahorner. 
produced replies to the effect that they had never heard of or .seen a 
proved ease of thromboangiitis obliterans in a full-blooded negro. 
Personal inquiry of other clinicians and pathologists elicited informa- 
tion from a few to' the effect that they had 1‘arely heard of cases 
thought to be thromboangiitis obliterans in members of this race.' 

The cause of the a])parently great rarity of this disease among 
negroes has never been ex])lained, .just as its rarity among vdiite fe- 
males has never been satisfactoril.v explained. It may be, however, 
that the incidence of this di.sease among negroes will be found to be 
not so rare as it seems, ju.st as its incidence among gentiles has been 
shoM-n to be much more common than was originall.y supposed. The 
following five eases of peripheral vascular disease in negroes seem to 
fulfill sufficiently the criteria of thromboangiitis obliterans to be eon- 
sidei'ed instances of that disease in members of this race. ■ 

• • REPORT OF cases 

Cask l.—Clinical msiory.—J). H., a full-blooded negro laborer aged forty-tlirce 
years^-!iR admitted to the Gallinger Municipal Ho.spital on Feb. 9, 1934, with a chief 

HosK- ,Univer.sit.r Sclmol of Medicine and tlio Gallinger, Municipal 
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complaint of pain in both feet and deformities of the toes. The liistorj' with refer- 
ence to this complaint dated hack to July, 1927. Until that time the patient had not 
had symptoms referable to the extremities and had been in good general health. 
On July 10, 1927, for the first time he had a severe “drandng” pain in the great 
toe of the left foot. There was no historj' of trauma to the part. Examination 
at that time at the Freedman’s Hospital clinic revealed the left great toe diffusely 
sivollen and extremely tender. On the plantar surface was found a small, firm, 
nodular area. The pain was lancinating and severe and somewhat relieved by walk- 
ing. lYithin several days the entire left foot became swollen and painful. Incision 
and drainage of the great toe released serosanguinous fluid, after which the patient 
e.vperienced some relief and the inflammatory process receded somewhat. He con- 
tinued to have pain, however, and the distal soft parts of the great toe became 
necrotic and sloughed off, failing to heal and leaving the bone exposed. In August, 
1927, therefore, the toe was amputated surgically. Postoperatively the wound healed 
very slowly, and gradual involvement of all of the toes of the left foot took place, 
with necrosis, sloughing and exposure of the bone of the distal phalanges. Ap- 
parently, there was at this time definite bone destruction, with loss of most of the 
substance of the phalanges. The condition was considered primarily a dry gangrene. 
The patient was discharged from the hospital somewhat improved. Subsequently 
the patient remained at home, reporting at intervals to the hospital out-patient 
department and complaining of recurring pain in the left foot and chronic ulcerations 
of the too.s of the left foot. In July, 1928, the tips of the toes of the right foot 
became affected, manifesting ulceration, sloughing and retraction of the soft tissues. 
The patient now complained of constant, tingling pain in the lower extremities and 
was unable to walk except with great distress in the feet. Tj-pical intermittent 
claudication with pain in the calf muscles did not occur, however. At this time the 
patient also experienced numbness and tingling in the left arm, extending from the 
elbow to the finger tip.s, with trophic disturbances in the finger tips. The condition 
progrc.ssed slowly until the winter of 1929, by which time definite scarring of the 
emds of all of the fingers of the left hand had taken place, with gradual loss of the 
nails. The patient did not complain of much pain with this affection but stated 
that the soft tissues of the fingertips showed flattening and star-shaped scarring. 
Since 1929 he had had recurrences of these attacks each winter, accompanied by 
chronic ulceration of the toes and periodic severe pain in the lower extremities. 

At the time of his admission to the Gallinger Municipal Hospital physical examina- 
tion revealed dental caries, gingivitis, and chronic tonsillitis. The left cardiac border 
was found to be in sixtli interspace 13 cm. from the midstemal line. A systolic 
murmur at the apex with an occasional extrasystole was recorded. The blood pres- 
sure was 120 systolic and 80 diastolic. The lower extremities were warm, and pulsa- 
tions were noted as present in the dorsalis pedis arteries of both feet. The foot 
revealed a healed amputation of the first toe and lo.^s of the distal phalanges of the 
remaining toe.s, with drj* ulceration and exposure of the bone. The first and fifth 
toes of the right foot were affected in the .eame manner. There were stiffness and 
plantar flexion deformity of the second and third .toes of the right foot. Ho mention 
was made of the condition of the upper extremities on this admission. The rest of 
the physical examination was essentially negative. 

There was a past medical history of measles, mumps, whooping cough, and chronic 
tonsillitis. In 1902 the patient had been confined to bed for six months, apparently 
with nente rheumatic fever. He had had a urethral discharge as a young man and 
pijo a history of a penile lesion in 1908, followed at an unknown later date by seven 
injoction.s of neoarsphenamine. He had smoked tobacco to a moderate extent until 
the past year, since which time he had not msed tobacco. Since the onset of the 
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present illness the patient had been in good general health except for pain. This 
was so severe at times as to cause insomnia. The general history was otherwise 
negative’ except for occasional dyspnea and palpitation within the past few years. 

An x-ray film of the legs made during this hospitalization was negative for any 
definite evidence of sclerosis of the vessels. Some chronic periostitis of the middle 
third of the left fibula was revealed. The bones of the distal phalanges of the 
left foot were partially destroyed. The Kahn test of the blood was negative. A 
liemogram was normal except for a slight leucocytosis on one occasion. 

The patient was xmt on a regimen of contrast baths and Buerger’s exercises. He 
responded well to this therapy aiid in a few weeks was able to walk about the 



Fig-. 1. — Case 1. Appearance of feet in June, 1934. 


ward without distress. On several occasions typhoid vaccine up to 20 million bacilli 
was injected intravenously. Each injection produced a febrile reaction, but ap- 
parently little benefit was obtained. Tliese instances were the only ones in the 
patient’s entire hospitalization in which the body temj)erature rose above normal. 
When he left the hospital in June, 1934, his condition was considerably improved, 
the pain having disappeared entirely and healing of the ulcerated areas being 
almost complete (Fig. 1). He was discharged with a diagnosis of thromboangiitis 
obliterans of the upper and lower extremities. 

The patient was readmitted to the Gallinger Municipal Hospital on Dec. 9, 1935, 
complaining again of severe pain in the lower extremities and ulceration of the 
right great toe. On physical examination at this time there were systolic and 
diastolic murmurs at the base of the heart with occasional extrasystoles. The 
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ranliac outline was as before. The blood pressure was 120 systolic and 75 diastolic. 
Examination of the upper extremities showed flattening of all fingertips and some 
scarring of the soft ti!=sue.s of the middle finger of the right hand. The left foot 
was cs.=entially in the .same condition as previou.sly with tlie exception that it was 
now .‘••omewiiat .swollen. There was a large ulcer in the distal portion of the right 
great toe, the nail of which had been lost. There was also an ulcerated area between 
the right great toe and the adjacent toe. The remaining toes were atrophic but 
not ulcerated. Pulsation was noted in both popliteal arteries but was absent in 
both (lorsali.s pedi.s arterie.s and in the left po.sterior tibial artery. The pulsation was 
good in tlie right posterior tibial arterj'. Superficial veins over the tibias were 
visible and nodular. The rest of the physical examination was essentially negative. 

X-ray films of the legs and feet showed no evidence of arteriosclerosis of the 
vossehs, but only trophic changes in the remaining portions of the plialanges. The 
Kahn test of the blood, the hemogram, the urinalysis, and spinal fluid examinations 
were all essentially negative or normal. The patient was again placed on Buerger’s 
exercise.^!, experiencing considerable relief in a few weeks. Dry dressings were 
applied to the toes, which ^vere painted frequently Avith gentian violet. A heat 
cradle Avas u.-^ed frequently over the lower extremities. Tj'phoid A’aceine Avas again 
given intraA-enously in graduated do.ces up to 200 million, this time AA'ithout any 
febrile reaction and AA'ith no apparent benefit to the patient, Antisyphilitic treatment 
Avas admini.stered. 

On Jan. 15, 1950, tliorotrast (stabilized thorium dioxide sol) wa.s injected into 
the right femoral artery, and arteriograms AA'ere made of the leg and foot. These 
.“hoAved the posterior tibial artery relatiA-ely normal, but the anterior tibial artery Avas 
apparently completely occluded below its lower third. There Avere many fine collateral 
vessels, .some having a cork.«creAV appearance. The appearance Avas that of thrombo- 
angiitis obliteran.s (Fig. 2). On January 38 arteriograms of the left loAver ex- 
tremity Avere made. They demonstrated occlu.sion of both tibial arteries in their 
loAA'cr third, (,’ollateral vessels Avere present as in the right leg, and a fcAV showed 
a cork.screw appearance. Arteriograms of the upper extremities AA-ere not succe.s.sful. 

On .Taniiary 21 a flat x-ray plate of the abdomen, made after the injection of 
100 c.e. of tliorotrast intraA-enou.sly for the making of the arteriograms described, 
.‘‘hoAved the liA-er of normal density, size, and outline. The spleen also Avas of 
uniform density and of UA'cragc shape and size. 

On .Tanuarj' 2S surgical exploration of the left posterior tibial artery Avas under- 
taken with local anesthesia to obtain a biopsy of a A’es.«el. The artery A\’as dis.sected 
out and found to bo markedly sclerosed and hj-pertrophied. A small hypodermic 
needle was introduced into the artery and a small stream of blood diffused from the 
artery into tlie .syringe. However, no pulsation aa-us noted. Because of this eA-idence 
of blood flow it Avas decided not to re.=ect the arterA". 

On February .1 a biop.«y sjiocimen Avas remoA-ed from the dorsum of the left third 
toe. rho microscopic .section .slioAved only chronic inflammatory reaction throughout. 
There was coii.siderable round cell and plasma cell infiltration. The blood ve.s.sels were 

Acrj small and few in number. The .specimen consi.«ted .almost entireh' of granulation 
tissue. * ^ ' 


fk'veral days later surgical exploration of the left dorsalis pedis artery Avas 
undertaken. It Acas dis.seeted out under local anesthesia and found to be firm and 
nonputsatile. Xo blood could be obtained from it through a hj-podcrmic needle. 
The artery Av.a.s tlioreforo ligated and a portion of it excised. 

On 3-(bru.ir\ _4 examination of the right upper oxtremitA' roA’ealed no further 
extension of the obliterative process. All of the incisioim in the left foot were 
cmmplctcly healed. The right fir.^t toe had a .small, clean, practically healed ulcer 
on Its distal portion. Both extremities Avere Avarm, and the patient stated that 
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Pig. 2. — Case 1. Arteriogram of right leg. Anterior tibial artery occluded in lower 
third, posterior tibial artery patent. Numerous small collateral arteries visible. 


he did not experience any pain and could walk without distres.s. He felt strong 
and -vv'ell. When discharged from the hospital on April 12, 1936, all lesions were 
completely healed. The- patient has been followed in tlie out-patient department 
of Georgetown University Hospital since then and has remained well and been free 
of pain. 
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Microscopic Study of the Left Dorsalis Pedis Artery— The portion of dorsalis 
pedis artery, about 1.5 cm. long, was sectioned at intervals of about 1 mm. and 
stained with hematoxrlin and eosin, van Gieson’s connective tissue stain, Masson's 
trichrome stain, and acid orcein. Tlie lumen was completely occluded with dense 
fibrous tissue in which were many small blood vessels but no endothelium-lined 
canals (Fig, 3). Inflammatory elements were not present. The internal elastic 
lamina was well preserved for the most part, although in one or two small areas 
it was ghostlike. Adjacent to these areas the fibrous tissue within the obliterated 
lumen was paler and contained more nuclei but fewer small vessels than the fibrous 
tissue nearer the center of the obliterated lumen. The acid orcein stain revealed 
considerable delicate elastic tissue in these portions but very little elastic tissue else- 
where in the obturating tissue, except about one particular small peripheral vessel 
which had a tliick, densely nucleated fibrous collar. The media was irregular in 
tliickness, but on the whole it was thicker than normal. Its inner edge was 
moderately shaggy, and in places the muscle fibers were disarranged and not 
parallel. The outer edge was also jagged in places. The media contained slightly 
more tlian the normal amount of connective tissue in some sections. Also, in some 
sections the media was almost normally avascular, while in others there were 
many small blood vessels. No active inflammatorj* elements were present. The 
external elastic lamina was denser and tliicker than normal, as was the entire ad- 
ventitia. Venae comites were not present in the sections. Sections stained for 
spirochetes by the Dieterle method by Dr. K. M. Langenstrass, of the Blackburn 
Laboratory' of St. Elizabeth's Hospital for the Insane, AVashington, D. C. were 
negative. 

Summary of Case 1. — A. full-blooded negro, aged forty-three years, had had 
intermittently for nine years destructive ulcerations of the toes of both feet accom- 
panied by severe pain. Arteriograms revealed arterial changes .euch as arc seen in 
thromboangiitis obliterans. There was evidence of old superficial phlebitis of both 
legs. Sections of a biopsy of a dorsalis pedis artery showed the lumen to be filled 
with fibrous tissue containing small vessels. There had also been trophic disturbances 
of the tips of the fingers of one hand. The patient had had sy'philis, but Hahn 
tests of the blood and spinal fluid were negative. He had aortic regurgitation; but 
in childhood he had had rheumatic fever, and the pulse pressure was not increased. 
It was therefore possible, if not probable, that the aortic regurgitation was duo to 
rheumatic aortic endocarditis. 

Cast; 2 . — Clinical Course. — J. P., a full-blooded negro aged thirty-four years, 
entered Gallingcr Municipal Hospital on March 31, 1936, complaining of “sore 
toes, and swelling’’ of the left foot. About' the middle of December, 1935, he had 
noticed a “sore'' on the outer surface of the fifth toe of the left foot. A week later 
ho was forced to stop working as a coal shoveler because swelling of the foot pre- 
vented his wearing a .^hoe. Later, the fourth toe had become similarly affected, and 
pain had developed. He had remained at home, bathing the foot n-ith a solution of 
Epsom .<=0115. There was no history suggestive of previous vascular disease. The 
patient had had a penile ulcer one year before and had received about six injections 
in the arm at weekly intervals. He was a moderate smoker. 

Esaraination revealed a well-developed but undernourished man. There was 
notiiing of note except in the lower e.xtremiiies. The fourth and fifth toes of the 
left foot showed dry gangrene, and the entire foot was cold, dark, “woody" and 
numii. The skin was broken about 2 cm. proximal to the ba.se of the little toe on 
the dorsrd surface, and thick fluid was oozing therefrom. There were no pulsations 
in any of the large arteries below the middle of Scarpa’s triangle in this limb. 
Trophic changjis were not apparent in the right lower extremity, but, although the 
emora and popliteal arteries were felt to pulsate, the dorsalis pedis and posterior 
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tibial arteries could not be felt. Hemogram, urinalysis, and blood sugar were 
normal. The Kabn test of the blood was four-plus. 

On April 2, 1936, arteriograms were made of botb lower extremities until 
tliorotrast. Those of the left thigh and leg showed absence of images usually cast 
by the femoral and tibial arteries. There were, however, many collateral arteries 
in both the thigh and the leg (Fig. 4). IMany of these were long and superficial; 
some were imdulatory. The arteriograms of tlie right lower extremity showed the 
arteries to be apparently normal in tlie thigh and upper fourth of the leg. Below 
that point, however, the tibial arteries were seen to be affected by occlusive vascular 
disease, and there were long, wavy, collateral arteries demonstrable (Fig. 5). 



pjg-. 3. — Case 1. Cross-section of dorsalis pedis artei-j'' (biopsy specimen). Lumen 
occluded with fibrous tissue containing- small vessels ; media of uneven thickness ; 
surrounding tissue dense. Masson’s trichrome stain. (XtO.) 

Because of the advanced nature of the gangvenous process affecting the left foot 
it was decided to amputate without delay. On April 7, 1936, amputation was per- 
formed below the knee at the junction of the upper and middle thirds of the leg. 
This relatively low point was selected because, although the femoral artery was 
known to be occluded throughout most of its extent, the abundance of collateral 
vessels augured well for healing. During the amputation there was practically no 
bleeding and only very small vessels were encountered. Some gangrene developed 
in the stump, however, and on April 22, 1936, reamputation was performed about 
3 inches liigher. Following this procedure a heat cradle was kept continuously over 
the leg, the temperature being maintained at about 100° F., for three weeks. A 
low-grade fever persisted for several weeks. The patient was discharged from the 
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Iiospital on May 31, IPSO, with tlie atuinp almost completely liealcd. On July 15, 
however, there was still a small unhealed area which was being treated in the 
out-patient department. Otherwise the patient was quite well. 



lep. inOicatlnp occlusion of all majo 
s t<'mor,il. anO showing; numerous collateral arteries. 


«ith ,.n.a, difncitv; Thi Jot recognir.ed 

«it!i the naked ov.' The V. in '‘^rdlihe, and a lumen eould not lx; seen 

■-.•etio.e.. ,vere made n -ariou- intervals by thrombi. Microscopic 

..t .anou, points and stained as in Ca.se 1, ^ 
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Tlie anterior tibial artery was completely occluded in its upper and middle portions 
by fibrous tissue containing a moderate number of nuclei and several irregularly 
shaped^ endotlielium-lined canals (Fig. 6). Some of these were surrounded by thin 



muscle sheaths and delicate elastic tissue. Some small vessels Avere also present. 
Near the old intima in some areas there were small clumps of hemosiderin. The 
intima appeared to. be ' somewhat thickened and hyalinized and contained delicate 
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elastic tissue. Tlie internal elastic lamina was practically intact. The media was 
slightly thichened and slightly hbrolic. Some small blood vessels were present 
tlierein. The muscle cell nuclei were somewhat disarranged. A few discrete 
h-mphoeytes were present. The adventitia and immediately surrounding tissues 
were dense and fibrotic and contained more small blood vessels and elastic tissue than 
normal. Occasional small groups of lymphoej-tes were in evidence. Some of the 
veins had irregular tliichening of the intima. One was empty and collapsed, another 
was distended with a dense, relatively recent clot. Tlie media of this vein was 
moderately thichened, fibrotic, and vascularized. 



Cros.c-.secllon of middle of left anterior tibial arterj'. Lumen 
w-ci-wea v.-iih coiiulrir fibrous ti-ssue containinfr a branching-, endotlielium-lined canal, 
and small clumps of hemosiderin. Media tliin, fibrotic, and va-s- 
lularizcd. Masson’s tnehrome stain. (X175.) 

The lower portion of the anterior tibial arterj’ was empty, and its lumen was 
collapsed and slitlike but contained some crj-throcytcs (Fig. 7). The intima was not 
much altered, but the media was almost replaced by hyaline connective tissue and 
contained a moderate numlwr of small blood vessels arranged more or less circularly. 
The surrounding connective tissue wa.c dense and fibrotic. The intima of the veins 
was considerably thickened .and liyalinizcd in places. 

The upjicr, middle, and lower portions of the posterior tibial artery were similar to 
•c upper and middle portions of the anterior tibial arterj-. The lumen was filled 
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■n-itli fibroxis tissue containing endotlielium-lined spaces and small vessels.; The 
media was irregular, in thiclcness, slightly fibrotic, and somewhat vascularized. 
There was a little elastic tissue in tlie media. Some lymphocj’tes were present also, 
varying in numbers in different sections, but usually not numerous. Several veins 
were definitely abnormal, xvith thickening of the intima. Some contained thrombi. 
One large vein was partially filled with an unorganized thrombus, the free edge 
of which was covered with a layer of endothelium. The wall of this vein contained 
a moderate number of lymphocytes, some epithelioid cells in rows and a few' poly- 
morphonuclear neutrophiles. One small vein also contained a considerable number 



Pig-, 7 . — Case 2. Cross-section of low'er portion of anterior tibial artei-j- and veins, 
show'ing: artery (in middle) with closed taut nonoccluded lumen, very fibrous and 
vasculai’ized media, and dense periarterial tissue ; vena comites (below) shows 
irregular thickening of intima and fresh thrombus. Masson’s trichvome stain. (X25.) 

of small lymphocytes and some poljTnorphonuclear leucocytes in its wall and ad- 
ventitia. Some veins were collapsed and empty j others contained blood. Spirochetes 
Avere not found in the tissues by Dr. Langenstrass. 

; Summary of Case 2, — K full-blooded negro aged thirty-four years developed 
gangrene of one of his feet which reached a serious state in three and a half months. 
He had serological evidence of syphilis. The large arteries of the affected extremity 
w'ere occluded from Scarpa's triangle down. Arteriograms and physical examination 
revealed evidence also of occlusive vascular disease of the other leg. The affected 
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limb was amputatoa below the knee, and after a secondary amputation the stump 
fjraduallv healed. Histopathologicai examination of the tibial vessels of the 
amputated leg showed tibro.sis, vascularization, and canalization of the lumina of the 
arteries. The media was tibrotic and vascularized and contained some lymphocyte.s. 
The advemtitia was tliickencd. The -veins showed definite intimal changes and in 
some places medial .and adventitial lesion.«. Thrombi were pre.«ent in .some. 

Case .3 . — Clinical Ei-tlory—Ti. J., an apparently full-blooded negro laborer aged 
thirtv-.si.v years, was admitted to the Gallinger Municipal Hospital on April 22, 
complaining of a piainful, tender swelling of the inner .surface of the right buttock 
of two days’ duration. At intervals during the preceding two year.s he had had 
pain about the anus, sometirae.« aggr.avatcd by defecation. For several days prior 
to admis.sion the pain had become constant, and he had noticed pus in the stools. 
On admi.ssion a .swelling was found in the right ischiorectal region. The tempera- 
ture was 102° F., the pulse rate was 98 per minute, and the respiratory rate was 
20 pier minute. On April 2.3, under ethylene-ether anesthe.sia, a right ischiorectal 
abscess was incised and drained, but smears and cultures of the pus were not ob- 
tained. On April 2.1 the patient suddenly began to have severe pain in the calf 
of the right leg. The affected area became numb shortly thereafter. During the 
next few days the pain shifted to the foot. Hanging the foot over the side of the 
bed gave .some relief from the pain. The past history wa.s es.sentially negative 
except for a urethral di.scharge fifteen years previou.sly, a course of five injections 
for “blood disea.se” in 192.0 and a sore on the penis in 1930. There was no 
history suggestive of peripheral va.«cular disease, Tiie patient had smoked about 
twmity cigarets daily for years. 


On examination on May 12, 19.3(1, the following abnormalities were noted. There 
was marked dental caries. The pupils reacted .sluggishly to light. Pulsations could 
not be fell in the vessels of either lower extremity below the femoral triangle. The 
lower half of the right leg and the right foot felt colder than similar parts of the 
left lower limb, and a black area was pre.^enl on the plantar surface of the right 
little toe. The difference in temperature between the two legs was corroborated 
by readings with the dcrmotlierm. O.^cillomctric readings in both thighs were so low 
as to be of no recording value. The uf>per extreinifics were upjparently normal. 
The blood pressure in t!ic arms was 100 .systolic and 70 diastolic. The urine con- 
i.aincd a faint trace of albumin. Tlie Kalm test of the blood was four-plus.. The 
leucof-ytes in the blood numbered 40,000 per cubic millimeter. 

iseveral attempts to make arteriograms of tlie left lower extremity in llie usual way 
were un.“uccessful. Finally, an incision was made over the left femoral triangle 
and the femora! artery exposed. Stabilized tliorium dioxide sol was injected 
directly into this artery, but, peculiarly, arteriograms did not reveal (he shadows 
of more than a few vessels in the upper thigh. The fdms did not reveal evidence 
of osteomyelitis of the foot. On May 21 resection of about 2 cm. of the left dorsalis 
pedis tiriery was performed for study. This vessel was completely occluded. 


Hy .Tunc l.T, Ht.'Jtj. the whole right foot had beeome gangrenous, e.«pecially the 
t!iird, fourth and fifth toes, and the adjacent dorsum of the foot. The temperature 
Imd Is'cn ranging from 99° F, to 103° F. The hemoglobin liad dropped from 80 
to (>.j per cent. Tiie leucocyte count was still very high, being 20,000 per cubic 
riiininicter of blood witii 79 per cent polyinorplionuelear neutrophiles and 10 per 
cent band form.s. Amputation was performed at the junction of the upper and 
taiddlc thirds of the right leg, A tourniquet was not necessary, there being prac- 
ti'aUy no bleeding. Following operation the stump heentne secondarily infected, 
flic teinp-rtiture was only sligiitly elevated, liowcver, thereafter. On .July 30, 1930, 
the patient ’.s general condition wan good, but the tibia was exposed in the stump 
and pii^ v.Ti,'. exuding from the wound. The incisions in the left thigh tind foot had 
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healed proniptlj' and completely. Antisyphilitic treatment was being employed. A 
secondary amputation of the infected .stump about 2 inches liigher was performed 
on August 4, and was followed by healing. Tlie patient left the hospital in good 
condition on Sept. 2, 1930. 

Patlwlayicnl Study . — Sections wore made at short intervals of the portion 
of the dorsalis j)edis artery of the left (nongangrenous) foot, which portion 
was about 1.5 cm. long, and .stained with hematoxylin and cosin, Masson’s trichrome 
.stain, van Gieson’s connective tissue slain, and acid orcein. All sections showed the 
lumen of the artery to be filled with fibrous tii^suc. In some, the obturating tissue 
contained one or two largo irregular ondol helium-lined sjiaces or canals. There were 
practically no other vessels. A few small collections of hemosiderin granules were 



Fig. 8. — Case 3. Ci'oss-section ol anterior tibia! artery, showing lumen, occludcfl 
with cellular fibrou.s tissue containing .several cndothelium-linecl canals; internal elastic 
lamina almost intact ; media flbrotic, with dissolution of muscle fibers. Masson’s 
trichrome stain. (X50.) 


present. In one section the lumen wiis completely closed by cclluhir fibrous tissue. 
The hyalinized intima merged imperceptibly with the obturating tissue. There was 
a large amount of delicate elastic tissue in the obturating tissue, most dense about 
the new. channels. The internal elastic lamina was intact in most of its extent 
but, split into a few layers. A small mass of calcium was present in the subintinial 
region of one section. The media was irregular in thickness; the muscle fibers Were 
somewhat disorganized; and there was a slight increase in connective tissue. The 
media was not vascular, however ; and there were no inflammatory cells. The 
adventitia and surrounding connective tissue were densely fibrosed and contained 
more elastic tissue than normally. 
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Slicrogcopic sections were also made at various levels of the tibial arteries and 
veins of tlie amputated (right) leg. All sections of the anterior tibial artery showed 
the lumen obliterated by fibrous tissue but containing a number of large, irregular 
endothelium-lined canals* (Fig. S). The few other vessels present therein were of 
capillary or precapillary size. The obturating tissue was quite cellular and con- 
tained a few small clumps of hcmo.siderin. The internal clastic lamina was for 
the most part intact. The media was moderately fibrotic and in some sections slightly 
vascular. In other respects also this artery resembled cs.scntially tlie dorsalis pedis 



tig. 5.--CrtBC 2. Cros.s-scctlon of lower portion of po.storior tlbJal artery and 
v«na. Artery (left mi'WIe) not occluricd but Intlma thickenCfl and mu.scle fibers 
• ir.'tgnientod. Large vena comItes (upper right) shoivs intfmal prolifera- 

vion, o.gaalzed mural thrombus and media very thin in patche.s. .Small vena comftr-s 
(beSow) show,'? marked proliferation of intima. Al.’i.s.son's trlchrome .st-ain. I'Xo.) 


artery of the left foot. TJie veins in many of the .sections were greatly altered in 
others relatively little. The main feature was an intimal fibroblastic tind angioblastic 
proliferation, very variable in thickne.=s and distorting considerably both the lumen 
and the media. This ti.-suc contained a fair number of capillarie.s. In the I.arger 
v.-ins thc.-o were wavy projections of this abnormal tissue into and across Ihn lumen 
toi-miner endothelium-lined canals of various sizes and shape.s. The media in 
^ome veins was considerably disrupted and sommvl.at fibrotic but not inflamed! J„ 
.ome of .he smaller veins there was a rim of proliferating intimal tissue within the 
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lumen. The intervascular connective tissue was dense and fibrotic. In one section 
there was a small abscess with many pol 5 'morphonuclear neutrophiles in this con- 
nective tissue and dill'usely scattered lymphocj’tes and histiocytes. 

The lesions of the upper portion of the posterior tibial artery were quite similar 
to those of the anterior. The endotfielium-lined canals were longer, thinner, and 
more definitely branching. The himon in the middle and lower portions of the 
artery, however, was not occluded by fibrous tissue, but was narrow and was slightly 
encroached upon by a thin rim of variable thiclcness of fibrotic proliferating intimal 



Fig. 10. Case 3. — Cross-section of portion of wall and_ lumen of lower part of 

posterior tibial artery, showing fibroblastic proliferation of intima and fragmentation 
of muscle fibers of media. Masson's trichrome stain. (X3o0.) 

tissue (Figs. 9 and 10). The media was moderately fibrotic, and the muscle fibers 
were greatly fragmented. The venae comites of the posterior tibial artery were 
found to be affected in all of the sections. The larger veins showed jagged or 
smooth projections of proliferating intimal tissue into, and at times even across, 
the lumen, often with organized thrombi adherent to these vegetations (Figs. 9 and 
11). In some of the large veins these thrombi were very irregular in shape j in others 
they formed long, smoothly outlined, tonguelike or fingerlike processes projecting in- 
to the. lumen from a relatively small base. The free edges of these thrombi were 
covered with endothelium. None of the veins was completely occluded. The media 
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-ivas irregular in, thickness and x’raciically absent in certain areas. The .smaller 
vein.s did not contain thrombi of any size, but there was often a thick rim of 
proliferated endothelium partially occluding the lumen (Figs. 9 and 12). Lympho- 
cytes and leucocytes were practically absent in mo.st of the sections. In some, how- 
ever, there v.-ere a few .scattered lymphocytes, some free eiythroeytes, and a few' 
iiistiocytes in tiie ijorivascular connective tissue. In one .section there were many 
thin-walled blood vessels in this tissue. 



of portion of lower 

iHUacrni intima with foea] throm- 

tr!<-i!rom<- ,-tain. txtO.'). 


part of 1,-irg^f; po.sterfor tiblal 
i-i<«it.-raiion of intima wi( 

(below) more than normally va.scu!ar. Hasson's 


Sinnairirit of fVro' -7 A 

- ^ ■ ■ ' ■ ■.'pnilun- negro aged thiny-.i.ix year.s, developed gangrene 

,, , . ^ inririon -and drainage of a right ischiorectal ab.^cess. 

rP-M Jo'ver extremity below .Scarpa’s triangle. The 

irH.fi li-fi.,?. lcdo.% the kn<-e, and healing occurred after- rc-arnputation 2 

• ir- , 1 ‘ '‘---.-els of the amimtated limb and of a resected por- 

Wif i-mcr 'V revealed chronic obliter.ative vascular disetise. 

,!. !■ r; , arterie. were fdh-d with fibrous tis.sue containing endo- 

- . ..or,, fib.o.ie xmd Kimcwhat T.he vein,, for ibe most part were greatly 
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alteieil bj eiulolbolial x^rolil oration and ino.onqileteiy occluded by organized clot. The 
intei\ascular connective tissue uas densely fibrotic and contained some lymphocytes 
and at one point a small absco,'-.'-. 

Case 4. CUnicnl IJistovy. .1. 1 -., :>n apparently full-blooded negro servant aged 
thirty-two years, was admitted to tiie Gallinger Municij)al Hospital on April 28, 
1986, comi)laining of a ‘‘sore” on tlio rij>ht first toe. His general health had been 
good. He had had influenza in 1917. About 3924 he had had a penile chancre 
and a positive blood A\asso-nnann n'action, for which he had received' 'treatment. 
Blood tests since then had been negative. Eiglit years before he had had. “sores” 
on the heel of the left foot, and lietiling' was slow at that time when several ingrown 



Pftr 12 Case S Cross-section of small vein accompanying lower part of posterior 

ibial aidery. Intinia greatly thickenetl with vascularized fibroblastic tissue : project- 
ng into lumen, a round angioblastic body. Massons tnchrome stain. (X83.) 


toenails were removed. For a year he had had severe pain in the calves of both 
legs when walking. Lately he could walk only a block or tno without jiain. Four 
months before admission iie had had a “sore” at the base of the right fifth toe 
wdiich had healed slowdy. Thi’ce months before he had had an ingiown toenail 
partially removed from the right first toe, and healing liad not occurred. Calluses 
had formed on the balls of the feet, and the toenails required cutting less often than 
formerly. Tingling in the feet had been noted, especially after standing. . The arms' 
“went to sleep” easily. The patient had smoked about twenty cigarets daily since 
the age of ten 'years.' 
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Exammation revealed a well-developed and weU-nourished negro, apparently 
normal except for the lower extremities. An infected, granulating surface was 
present where the portion of toenail of the right first toe had been removed. Pulsa- 
tions were practically absent in both popliteal arteries. They could not be felt 
in cither dorsalis pedis or posterior tibial artery. Wlien the feet were elevated, 
the sole of the right foot became definitely pale, and, when lowered, both feet 
Irecamo erythematous. Both procedures caused pain in the feet. The temperature 
of the skin of the right foot was definitely lower than that of the left. The 
oscillometric corves were almost flat in both thiglis and legs. The blood pressure in 
the arms was 130 systolic and 80 diastolic. The Kahn test of the blood was negative. 



in/lu!".rn oSmipti dorsalis pedis artery (biopsy .specimen), show- 

canal ami munornlL tissue containing- a small endothelium-lined 

nbrohe" sm-Lm " vessel.s ; internal elastic lamina absent In places; 
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o,..c uoe rorn the popliteal fossae down. Long, corkscrew-like vessels were present 
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On July 1 the remainder of the right big toenail 


cm. 

was 
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In spite of various forms of treatment, including intravenous injections of tj’plioid 
vaccine and of lij^ertonic saline solution, the heat cradle, Buerger’s exercises, and 
anti syphilitic medication, the lesion on the right big toe became progressively worse, 
undl by July oO, 1936, the boue of the distal phalanx was exposed in the base of a 
deep ulcer invoking the distal halt of the toe. The whole foot was greatly swollen 
and very painful, but there was no other evidence of gangrene. The pain was 
relieved temporarily by the use of tj^dioid vaccine intravenously, and latterly it had 
ameliorated to some degree spontaneously, although the foot had to be kept 
dependent at all times. The left foot was also considerably swollen, and the 
incision on the dorsum had opened and become infected. TMs lesion was now 
granulating over. The oral temperature had been normal except for a few small 
elevations. By December both feet wore entirely healed, and the patient could walk. 

Microscopic SU<di/ of ilic Lefl Dorsalis Pedis Arferij.~The portion of dorsalis 
pedis artery resected was studied as in Case 1. The lumen was completely occluded 
by fibrous tissue containing a moderate number of small blood vessels and in some 
sections a small cndoUiolium-lincd canal (Fig. 13). The obturating tissue was 
densest in the center of the occluded lumen. Tlie internal elastic lamina was intact 
e,\'cept in a few small areas but was split into several laj-ers. TJic media was slightly 
fibrotic and contained some abnormal clastic tissue but no new blood vessels or inflam- 
matory cells. The adventitia and immediately surrounding connective tissue were- 
dense. I^'o veins were present in tlic sections. Dr. Langenstrass did not find any 
spirochetes by means of special staining metlmds. 

Snvunary of Case 4 . — A negro, aged thirty-two years, who had had sjTjhilis but 
whoso Kahn test of the blood was negative, had had trouble with his left foot 
eight years before and intermittent claudication of both legs for a year. An ulcer 
developed on the dorsum of the right big too following partial removal of an ingrown 
toenail. Pulsations were absent in the vessels of both legs, and arteriograms re- 
vealed emdence of severe occlusn'c vascular disease. A biopsy of the left dorsalis 
pedis artery showed the lumen coiup'etely occluded by fibrous tissue and other 
changes similar to (hose of the end stage of thromboangiitis obliterans. The 
ulceration of the right big toe progressed for several weeks and then began to heal 
slowly. After several months the lesion was completely healed. 

Case 5.— Clinical Eistonj.—ls. B., a thirty-year-old, full-blooded negro, entered 
Georgetown University Hospilnl on Sept. 10, 1936, complaining of a ‘'sore toe” of 
the riglit foot of three week’s dural ion. mile working as a laborer, he had first 
noticed, one year before, intermittent swelling, coldness, and numbness of his 
right foot and* occasionally of {he left, especiaUy at night. After a short time he had 
begun to have sharp pains in the calves of his legs during exercise, developing in the 
left leg after they had been present for some time in the right. About three weeks 
before admission, he had noticed continued swelling of the distal half of liis right 
foot, especially the third toe, which became very painful and throbbing. In a few 
days a superficial ulcer developed on the distal phalanx of the third toe from which 
blood-streaked pus was discharged. Bathing the foot at home with a solution of 
Epsom salts and the local application of various home remedies failed to improve 
the ulcer. He was a very moderate smoker. 

Examination revealed a rather poorly nourished, black-skinned negio vith slightly 
palpable , superficial lymph nodes, severe pyorrhea, many carious teeth, and a faint 
systolic precordial murmur. The blood pressure was 145 systolic and 100 diastoHe. 
The upper extremities were normal, and the vessels pulsated normally. .There was 
a superficial ulcer on the tliird toe of the right foot, which was discharging a 
little purulent material. Ko arterial pulsations were palpable in the right lower. 
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extremity below Scarpa’s triangle, and even the pulsation of the first part of the 
femoral arterv was relatively weak. In the left lower extremitj’ the femoral and 
popliteal arteries were palpable, but the pulsations were slightly reduced in intensitj ; 
a faint pulsation was palpable in the posterior tibial artery, but the dorsalis pedis 
could not be felt. There was no evidence of superficial phlebitis. Oscillometric 
examination showed moderately diminished amplitude of oscillations and height of 
the cun’c. Urinalysis and hemogram were essentially normal. Wassermann and 
Kalin tests of the blood were four-plus. The oral temperature was normal except 
when typhoid vaccine was injected intravenou.sly, as it was every few days. The 
pulse rate varied between 80 and 90 beats per minute most of the time. 

Arteriograms were made of both lower extremities by means of thorotrast. Those 
of the right .showed evidence of partial occlusion of the femoral artery in 
Hunter’s canal with numerous collateral vessels in the vicinity. Below this point the 
femoral and popliteal arteries appeared normal, but the anterior tibial artery was 
completely obliterated from its middle third down, and the posterior tibial artery 
presented uneven walls in its upper half, an indirect course and a narrow lumen in 
its lower half. The collateral ves.«cls in the leg were very fine but not numerous. 
The arteriograms of the left lower extremity .showed normal vascular shadows down 
to the tibial arlerie.s, both of which had greatlj' narrowed lumens throughout their 
course. 

An incision was made over the left dorsalis pedis artery, and a portion of that 
vessel, which was occluded, was removed for examination. 

Continuous heating of the legs and feet to 105’’ P., Buerger’s exercises, warm 
saline .«oaks, injections of typhoid vaccine, and antisv-philitic treatment were insti- 
tuted. About one month after admission the ulceration of the toe was completely 
healed. The surgical incision for the biopsy healed at about the normal rate. 

Microscopic Study of the Left Dorsalis Pedis Artery . — The portion of dorsalis 
pedis artery resected was studied as in Ca.«es 1 and 4. In this case, however, the 
veins and nerve were included in the sections. The lumen of the artery was com- 
pletely occluded by very cellular and A'ery va.scular connective tissue, undoubtedly 
the result of organization of a thrombus. The ve.^sels were of arteriolar, pre- 
capillary and capillary size. Some small clumps of hemosiderin were prc.sent in the 
center of the obturated lumen. No endotheliuin-lincd canals were present. The 
internal clastic lamina was wavy and intact. The media was more va.scular than 
normtil and moderately fibrotic. The connective ti.s.sue surrounding the artery was 
much thicker and more vascular than normal. Artery, veins, and nerve were matted 
together. Some small arteries and arterioles near the dorsalis pedis artery also 
had practically completely occluded lumina. A direct branch was completely oc- 
cluded. The largest vein .showed subintimal fibroblastic proliferation and wavy 
connective ti."sue septums in the lumen dividing it into a number of large, irregu- 
lar and branching, endothelium-lined spaces. The nerve was moderately degen- 
erated, as were the nerves in Cases 2 and ?>. 

Summary of Case .5.— A negro aged thirty years had had intermittent claudica- 
tion for a year with coldnc.ss iind numbness of the feet. A very painful, superficial 
ulceration of a toe brouglit bim to the hosi>itaI after three weeks. Of the vessels 
of the feet only the jiosterior tibial artery of tiie ojiposile fool was felt to pulsate. 
Arteriograms showed evidence of occlusive va.'-eular disease mainly of llie tibial 
arteries of both leges. A hii)[i.sy of the dor.mli.s podis vessel of the nonuleerated foot 
showed the lumen of the artery ocelnded by very vaseular fibrous tissue. The 
largest vein was tpiite pathological. The patient’s blood Wassermann and Kahn 
tc.sts were strongly positive. Complete healing of the ulcer and the biopsy wound 
cs'ctirreii in a few weeks under treatment. 
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DISCUSSION 

Several important questions arise in connection witli these five cases 
of peripheral vascular disease in negroes ; 1. Do thej’' conform to the 
clinical and pathological criteria of thromboangiitis obliterans, or 
Buerger’s disease? 2. Are the patients full-blooded negroes? 3. May 
the cases not be instances of sypliilitic vascular disease of the ex- 
tremities? 

The clinical correlation of those cases ivitli cases of thromboangiitis 
obliterans occurring in Caucasians is not so great as are the pathologi- 
cal similarities. Nevertheless, the clinical histories are not ineom- 
jiatible with the diagnosis of that disease. All five patients were 
smokers, two of them more than moderate addicts of this habit. All 
^yere relatively young men. The history was one of chronic peripheral 
vascular disease in Cases 1, 4, and 5. Typical intermittent claudication 
occurred in two cases (Ca.ses 4 and 5). The onset wms acute in Case 
3, suggesting embolism, but ivas undoubtedly due to acute thrombosis 
superinqiosed upon asymptoinatie, bilateral occlusive vascular disease. 
Gangrene of a toe ivas the first indication of such disease in Case 2. 
Evidence of old superficial phlebitis -was present in Case 1. The cause 
for the episodes of gangrene was unexplained in Case 1; gangrene 
was thought to be provoked by cold weathei* in Case 2; the opening 
of an abscess immediately preceded the sudden onset of gangrene in 
Case 3 ; and partial removal of an ingrowm toenail inaugurated .super- 
ficial gangrene of that toe in Case 4. The gangrene in Case 1 ivas 
intermittent and bilateral; in Case 2 it was subchronic and unilateral; 
in Case 3 it wms acute and unilateral ; in Case 4 it was subchronic and 
bilateral, the gangrene in one foot being due to a surgical incision; 
and in Case 5 it was subacute and unilateral. Trophic changes w^ere 
present in the fingers in Case 1. Buerger- and Brown, Allen and 
Mahorner'^ have described cases of thromboangiitis obliterans in Cau- 
casians presenting histories quite similar to those of these five cases. 

Phi'Sieal examination gave incontrovertible evidence of bilateral and 
extensive occlusive vascular disease in the lower extremities in all five 
cases. Color changes are not easy to distinguish in negroes and w^ere 
not prominent. The satisfactory arteriograms Avere typical of thrombo- 
angiitis obliterans as seen in the wdiite race, and the oscillometric 
studies in two eases confirmed the closure of all large arteries bilater- 
ally. The nature of the gangrene in all cases Avas similar to that seen 
in thromboangiitis obliterans. 

Pathologically, all five cases AA’'ere typical examples of the adA^anced 
stage of this disease. In three cases the A’^eins Avere affected as Avell 
as the arteries. In the other tAvo eases the dorsalis pedis artery onlj^ 
was studied by means of biop.sy of this vessel. None of the lesions 
AAms in. the actNe stage of the disease. All students of thromboangiitis 
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obliterans have commented upon the difficulty of obtaining vessels for 
study in this stage. Giant cells and purulent foci so characteristic of 
the acute stage as pointed out by Buerger^ were consequently not seen 
in the sections in any of the cases. The lesions in the ai’teries weie 
more suggestive of i)anarteritis than simple inflammation of the intima. 

The five patients were dark-skinned negroes. Their parents were all 
negroes. Four Avere certain they Avere full-blooded negroes, but one 
thought that possibly in a remote generation there had been some 
admixture of Caucasian blood. 

Syphilis has been excluded as a prominent or specific cause of Buer- 
ger's disease. All fiA’e patients undoubtedly had, or had had, syphilis, 
but the incidence of this disease in negroes is so high that the asso- 
ciation of the tAvo conditions may haAm been purely accidental. Hoav- 
Gvev, since the etiologA- of thromboangiitis obliterans is unknoAvn, it 
is possible that it is nonspecific and that in susceptible indhdduals 
A’arious organisms might cause the condition. Although .special studies 
did not rcA'cal the spirochete, its absence is not sufficient to eliminate 
it as the pathogenic organi.sm in the healed stage of A'aseular disease 
represented. 

^Thelher the form of vascular disease present in these five cases is 
ever due to syphilis is, hoAvever, doubtful, although Warthin^ believed 
firmly in .such a relationship. A perusal of such careful studies as 
those made by Bruelle'' and by Letulle, Heitz, and MagnieF leaA’Cs one 
skeptical of any definite connection betAveen syphilis and peripheral 
vascular di.sea.se. Herrmann" feels that syphilitic disease of the pe- 
ripheral arteries is not uncommon, but in the three cases he described 
pathological studies Avere not made. In the case of Smith and Pat- 
terson'^ the patient bad .syphilis, hut the le.sions of the A^e-ssels Avere 
those of thromboangiitis obliterans a7id Avere not .sugge.stive of S3''ph- 
ilitie arteritis. Certainly, in the fiA-e cases here reported the lesions 
are not suggestive of syphilis. HoAA’CAmr, it is conceivable that in 
susceptible indiA'idnals the toxins of the .spirochete might produce .such 
A-ascular lesions or CA'en that the end stage of actual spirochetal in- 
vasion might present such a pathological picture. Pathologists do 
not recognize lesions of the mediAim-sized arteries as being due to 
syphilis, although syphilis of the large and the small arteries is Avell 
known (Conner^). 


.SUAIMARV AND COXCEUSIONS 

3. P'ive ease.s of peripheral A'aseular disease in negroes studied clini- 
cally and pathologically are reported as being ijistances of thrombo- 
angiiti.s obliterans, or Buerger’s disease. 

2. Pathologically proved cases of this disease in the negro have not 
prcA'iously been reported. 



YATER: THROMBOANGIITIS OBLITERANS IN NEGROES 


533 


3. All five patients also hadj or had had, sj^philis, and the possible 
etiological connection is discussed. 

4. Buerger disease among negroes may not he so rare as has been 
supposed. 

PJiotoniicrogTaplis used to illusti-ate this paper were made at the Army Medical 
^tuseum, Washington, D. C., hj' l^Ir. Eoy j\I. Peeve. 
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THE HEART FIFTEEN TO TWENTY YEARS AFTER 
SEVERE DIPHTHERIA* t 

WniLTA:Nr Paul Tho^ipsox, M.D., Sherman E. Golden, jM.D., and 

Paul D. White, M.D. 

Boston, Mass. 

I T IS well known to those familiar with the course of severe diph- 
theria that in this disease the heart .sometimes suffers seriously 
and that actual heart failure may be the immediate cause of death, 
because of the damage to the myocardium and conduction system 
occurring in the second or third week or after convalescence has be- 
gun. When the heart is involved, various manifestations arise, among 
them restlessness, apathy, abdominal pain, vomiting, pallor, cyanosis, 
dilatation of the heart, dyspnea, gallop rhythm, engorgement of the 
liver, congestive heart, failure, tachycardia, bradycardia, premature 
beats, and various grades of auriculoventricular and intraventricular 
block. Auricular fibrillation lias also been described.^ 

The development of conduction disturbances during diphtheria has 
come to be regarded as a serious sign, pointing to an unfavorable out- 
come, although there are now a number of cases on record in which there 
seems to be no reasonable doubt that conduction disturbances have 
persisted for a year or two after recovery from diphtheria, and there 
are a fe%v cases in which these changes liave been permanent. 

The present study is concerned Avitli the development of conduction 
disturbances some years after the diphtheria has passed, a subject that 
is controvei’sial and about which little lias been written. McCulloch- 
wrote in 3920 that he believed diphtheria may play an important role 
in the development of chronic heart disease years after the diphtheria, 
but in supi)ort of his belief he presented no evidence. In 1927 Jones 
and White’ published the results of their study of 100 young people 
who had had severe or moderately sei'ere diphtheria five to eight years 
preceding their examination. They found neither clinical nor electro- 
cardiographic evidence of heaid disease or conduction disturbances in 
any of their subjects. In 1930 Butler and Levine* published their 
findings in 20 eases of auriculoventricular block, 14 of them complete, 
in which none of the usual causes for such disturbance was apparent 
(rheumatic infection, digitalis, coronarv* disease). They found past 
histories of diphtheria in half of the.se cases, wliile only 6 per cent of 
fiOO consecutive surgical patients gave histories of diphtheria. They 
didimt comment on the time relationshij) between the diphtheria and 

•From tho Cardinc Iviborrilory of the Mas.«tachu.settfi General Hospital. 

IHead In abstract before the Nw England Heart Association, Boston. Nov. 9, 193c. 
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the developinent of the block, but assumed that it had been a late oc- 
currence, and concluded that diphtheria was i)i’ohably the cause. 
Other than these papers, we have discovered no references to the de- 
velopment of conduction disturbances years after diphtheria. 

The present study is concerned with the same patients examined 
by Jones and 'White, 94 of whom we have been able to follow ten years 
after the previous study, and from fifteen to twenty years after the 
diphtheria. This group forms an ideal basis for the present study, 
inasmuch as we know that they did not have heart disease or conduc- 
tion disturbances ten years ago. If conduction disturbances are to 
develop as the result of the diphtheria, it seems reasonable to expect 
to find them now, after this additional period of time. Furthermore, 
this is an ideal time to study this group, for if more time is allowed 
to pass, coronary disease developing with increasing age may influence 
both auriculoventricular and intraventricular conduction. 

Among the original 100 individuals, we have been unable to locate 
6 ; 2 are known to be dead (one of rheumatic heart disease developed 
subsequent to the previous examination, and one of pneumonia) ; one 
is Avell according to his own statement, and 91* have been reexam- 
ined. The 91 persons whom we have reexamined are now from 
sixteen to forty-six yeai's of age (one is sixteen years old, 8 are 
seventeen, 9 are eighteen, 11 are nineteen, 9 are twenty, 12 are twenty- 
one, 11 are twenty-two, 6 are tAventy-three, 2 are twenty-four, 3 are 
twenty-five, 5 are twenty-six, one is twenty-seven, 2 are rtventy-eight, 
3 are thirty, 1 is thirty-one, 1 is thirty-two, 1 is thirty-three, 1 is 
forty-two, 2 are forty-three, 1 is forty-four, and 1 is forty-six years 
old). Tlie time that has elapsed since the diphtheria varies betAA^een 
fifteen and tAventy-one years (fifteen years haA'e elapsed in 31 cases, 
sixteen years in 36, seventeen years in 3, eighteen years in 15, nine- 
teen .years in 3, and tAventy-one yeare in one). Of these 91 persons, 
64 had had severe diphtheria, and 27, moderately severe diphtheria. 
All of them had been patients at the South Department of the Boston 
City Hospital, and the diphtheria in all had been proA^ed both by 
culture and by clinical course. They Avere all young people at 
the time of the diphtheria, only 15 liaAnng been more than fifteen 
years of age. All but 7 of the patients seA^erely ill receiA^ed 24,000 
units or more of antitoxin, most of them haA’ing required 36,000 units 
or more. Those AAUth moderately seA'^ere illness receiA^ed from 12,000 
to 24,000 units. TAAmlve of the scA’ere cases had been diagnosed “myo- 
carditis’ ■ at the time of the diphtheria, and many others gaAO some 
evidence of cardiac abnormality. The basis of the diagnosis of myo- 
carditis varied and aaus not ahvayo cleai*, for the descriptions of the 
findings included AA^eak, muffled, split, or reduplicated heart sounds, 

•Our thanks are due to Dr. Gerald Flaum of the Third Medical Division at Belle- 
vue Ho.spital, Ne%v York, N. Y., who kindly examined one of the patients and obtained 
an electrocardiogram for us. 
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gallop rliythm, systolic nniranirs, premature beats, and apparent eu- 
Isirgement of tlie lieart. At any rate, all of the 64 severely ill patients 
ran toxic courses. Sixteen recjuired intubation and 39 had some form of 
paralysis. The second group of 27 patients with moderately severe 
cases ran less serious courses, but they liad almost as many functional 
heart findings. 

The follow-up study of Jones and White, conducted five to eight 
years after the diphtheria, included an after-histoiy, a thorougli exam- 
ination, and an electrocardiogram in each case. No clinical or elec- 
trocardiographic evidence of heart disease or heart-block was noted in 
any individual. 

We have conducted our present stud.y along the same plan as that 
followed by Jones and White but have added fluoroscopic examination 
and orthodiagraphic measurement of the heart. The present findings 
in the 93 patients reexamined are as follows ; 

History . — -Two patients gave histories of rheumatic fever which had 
occurred during the interval following the previous examination. An- 
other gave a hi.story of hj’pertension which had been subsequently 
discovered and of hemiplegia lasting a few days. A fourth gave a 
history of toxemia of pregnauej' followed by permanent hypertension. 
Other than these, all patients had remained essentially well and gave 
no histories suggesting heart disease. 

Examination. — 1. Size of Heart: Only one heart was enlai’ged, either 
clinically or by fliioroseopie examination. This one instance Avas in a 
gij'l with rlieumatie aortic and mitral valve deformity. 

2. Heart Khylhm: The only irregularities found were rai-e premature 
beats in six instances and sinus arrhythmia in 52 (5 patients showed 
both). 

3. Heart 3tlurmurs: Two patients had the murnnu’s and other find- 
ings of rheumatic A'alvular disea.se (one of mitral stenosis and the other 
of mitral stenosis and aortic regurgitation). There were no othei-s with 
diastolic murmurs. Forty patients had functional sy.stolic murmurs, 
of which 18 had been present also at the time of (he previous examina- 
tion. These murmurs Avere usually located in the pulmonary Amh’e 
area or Avere maximal there, and they A\'ere usuall}' heard only Avhen 
the patient Avas recumbent. Most of them disappeared entirelj' on 
deep jn.sj)ira(ion or Avere markedh" diminished in intensity by this pro- 
cedure. In twelve cases in Avhieh murmurs Avere not heard, functional 
.sy.stolic murmurs had been described ten years before. 

4. Heart Sounds: As at the time of the preA'ious examination, no 
AA-eak or mufiled sounds Avere heard, and none AA'ere obscured b3' mur- 
mure. PIiA-siological third heart sounds AA-ere heard in 2-3 patients in 
their recent exauiinations ; in 8 of these thcA- had been lieard ten years 
before as Avell. Third sounds AA-ere not heard in 39 of those in Avhom 
tliCA- had been heard before. 
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5. Blood Pressure : Tlie blood pressure was normal in all but ,2 
patients. Both of these had InTiertension Avhich liad dcA^eloped since 
the preAuous examination, and are the ones referred to above. 

6. Electrocardiographic Eecords: In three instances the P-R inter- 
val Avas as long as 0.2 sec. In one of these there has been no change 
since the preA*ious examination. In tAAm there has been an increase in 
this length from preAUOus measurements of 0.15 and 0.16 sec., respec- 
tiA’ely. 

In four instances the QRS complexes do not appear to be Avholly 
normal in that they are either at the upper limit of normal in Avidth 
(0.1 sec.) or are slightly greater than this Avidth. This finding is sug- 
gestiA’e of some disturbance in intraA’entricular conduction because of 
the prominent or .slurred S-AvaA^es Avhich are present in Lead II in each 
instance (sometimes also in Leads I or III). It is particularly sig- 
nificant, liOAveA'er, that in only 2 eases does there appear to be anj’- in- 
crease in this AAndth as compared to that of ten years before, and CA’^en 
then the increase is A’ery slight. This possible error in the preA'ious 
report Ave iioav AA'ish to note, altliough cAmn today the electrocardio- 
grams are still only on the borderline betAveen normal and abnormal. 
The three cases Avith P-R interA'als of full length and the four Avith 
rather Avide QRS complexes Avill be discussed in more detail subse- 
quently. 

7. Fluoroscopy and Orthodiagraphy: As mentioned under ‘‘Heart 
Size,” the heart A\'as abnormal in .size or shape in only one ease. 

In addition to these 91 individuals, 9 more, not included in the 
folloAA'-up ten years ago, have been added, so that the present total is 
again one hundred. These had diphtheria at the same time as the 
rest of the series, and Avere also patients at the Boston City Hospital. 
They are uoav from nineteen to thirty-one years of age (one is nine- 
teen years old, Iavo each ai-e tAA-enty and tAAmnty-tAA’o years old, and 
one each tAAmnty-one, tAventy-fiA*e, tAventy-seven, and thirty-one Amars 
old). These cases Avere similar to our original group in severity of 
the infection, and a similar time has elapsed since the diphtheria. 
Among them, the heart is entirely normal in all cases, and there are 
no electrocardiographic abnormalities. 

SPECIAL CASES 

Group 1 (F-Ji Interval Measuring 0.2 See.) 

C.ASE lA.— This patient, a boy, was admitted to the South Department of the 
Boston City Hospital in October, 1920, at the age of two years, the day following 
the onset of severe faucial diphtheria. He received 60,000 units of antitoxin. There 
were no abnormal heart findings. In July, 1926, at the age of seven years, he Avas 
ECAvre pain in both ankles lasting thirty-six hours, but there had been no SAvelling 
and no other indications of rheumatic infection. The heart Avas found to be normal, 
examined by Jones and AMiite. He gave the history that one year earlier he had had 
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In January, 1930, when he was seen for the present follow-up, he gave no further 
historj" suggesting rheumatic infection. The heart was not enlarged. There was a 
faint svsfolie murmur at the apex and a moderate one at the jjulmonarj ralve 
area, both almost entirely dispelled hy deep inspinition. The electrocardiograms 
taken in 1920 and in 1930 are shown in Fig. lA. In the first the P-E interval is 
about 0.19 to 0.2 sec. in length, and in the latter one 0.2. It is conceivable that the 
length of the P-E interval and the murmurs in thi.s case arc due to a minimal degree 
of rheumatic heart disease, but, regardless of the cause, there is no evidence of pro- 
gressive change during the time between the ttvo electrocardiograms. 

C.iiSE IB. — ^This patient is a girl who was admitted to the South Department in 
June, 1020, ;it the age of si.x years, two days after the onset of severe faucial diph- 
theria; 3(3,000 units of antitoxin were given. There was questionable slight en- 
largement of the heart; the heart sounds were good; there was a systolic murmur at 
the apex transmitted upward and, at times, slight irregularity of the heart. A 
palatal paralysis occurred. In .Tune, 1920, at the age of twelve years, she was seen 
bv .Tones and White, who found the heart entirely normal and noted the pre.sence of 
no murmurs. In February, 19.30, at the age of twenty-two years, .she gave a his- 
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Fig. 1C. 


Fin. 1. — P'R Intors'als .at tlic upper timit of noiTual in Icnntti. lAiad II only Is 
si’.ov.n in eat;!) cjise. Tlie electroc.-irdlosram.H shown in the upper row were taken at 
tile time of the previous e.^amlnatlon ten yc-ars ago. those in the lower row at the 
time of the pre.sent examination. 


tory of good health in her.sclf, but reported the occurrence of rheumatic fever in a 
.•-i.ster. On e.vamination the he.art was normal, in .size. There was a rough systolic 
murmur of .“light inten.sity at the ])ulmonary valve area, largely dispelled Ijy in- 
spiration. At the apex a .somewhat louder sv’stolic murmur was heard, not increased 
by e.'terri.'-e, hut there was no diastolic murmur. The electrocardiograms are shown 
in Fig. )/;. In the fir,s{ Die P-E interval is 0.15G sec. in length, and in the second 0.2. 
!t is im].oasihle to state the caus)’ of thi.s increase in the length of the P-E interval, 
bu! in a person with a .sy.stolic murmur not prc.«eiit before and with a family history 
of rh(‘uir:.etjf fever, it cannot fairly l>e attributed to a progressive change resulting 
from the dij)htheria. 

1C.-- .V boy, aged five ycrirs, was admitted to the .South Department in 
OctoVr, 3920, three davv after the onset of severe faucial diphtheria. lie was given 
70,000 units of antitoxin. There was a faint first heart sound, a faint systolic mur- 
mur at the apc.v, splitting of the .“ocond sound at the pulmonary valve area, and 
for several day.s, a pulse as slow as 00 per minute. The .size of the heart tvas normal! 
A diagnosis of diphtheritic rnyoeardilis was made. In June, 1920, when he was 


PIPHTHER1AAT5YRS. DIPHTHERIA AT 4 YRS, DIPHTHERIA AT25YR3, DIPHTHERIA AT 6 YRS. 
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eleven vears old, he was seen l)y Jones and kite, who found him to be in good 
health without heart disease or murmurs. In March, 1930, at the age of twenty 
years, he was seen for tlie present follow-up. He reported that he had been well, 
and no abnormalities were found on examination. The electrocardiograms are shown 
in Fig. IC. In the first the P-R interval mea.sures 0.15 sec., and in the latter 0.2 see. 
It is of interest that in both electrocardiograms there is a slight right axis devia- 
tion, in spite of the fact that the patient is rather .stocky in build. Although there 
i.s no evidence of rheumatic heart disease or rheumatic infection, this change in the 
P-R interv.al cannot be unreservedly attributed to diphtheria. 

Group 2 (QB8 Complexes of Full Width) 

Ca.se 2A. — This patient is a negro girl who had moderately severe faucial diph- 
theria in October, 1919, at the age of five yoar.s. She was admitted to the Boston 
City Hospital the day after onset and was given 24,000 units of antitoxin. The 
apex of the heart was found to be 2 cm. outside the midelavicular line, and there 
wa.s a rough .systolic murmur heard best at the apex and transmitted to the axilla. 
Six weeks later the mumnir was described as soft. Two days following that there 
vva.s no murmur, but the first sound was .split. She was then discharged. AVhen she 
wa.s seen by .Tones and IVhite in August, 1926, at the age of twelve years, the heart 
was entirely normal, jind no murmurs were heard. The electrocardiogram taken at 
that time is shown, on the loft of Fig. 2.4. It was reported as normal in the previou.s 
paper, but in the light of our present knowledge of the electrocardiogram, it must be 
looked upon with some doubt. In .January, 1936, she was examined again, then at the 
age of twenty-two years. The findings were entirely normal, and there were no 
murmurs. The pre.sent electrocardiogram, shoum on the right of Fig. 2^1, show.s 
tlie same rather wide QRS complexc.s and the prominent S-wave in Lead IL 


CAKt: 2B. — The patient was admitted to the Boston City Hospital in November, 
1920. at tlie age of four year.«, eight da}'s after the onset of severe faucial and 
laryngeal diphtheria, fiiie was given 40,000 units of antitoxin and 80 e.e. of eon- 
val('.«ccnl scarlet fever serum. No ahnormalities in the heart were described. In 
Becember, 1926, at the age of ten years, she was seen by Jones and "White, who 
found the heart normal, but noted a reduplication of the fir.st sound at the apex 
and of the second sound at the base. The electrocardiogram. Fig. 2B, shows QRR 
complexe.'i of full width and prominent S-waves in both I.«ad I and Lead II. In 
Dcceinbc-r, ]93.5, at the age of nineteen year.--, she wtis seen again. The heart tvas 
normal, and the reduplicated sounds of ten years before were not hoard. In the 
pre.H'nt elccirocardiogram tliere is a slight increase in the width of the QRS com- 
plexes in I.ea(l II, with increased slurring. 


Case 2G. — A wmiwn of twenty-five years wa.s admitted to the ho.«pital in January, 
1918, the day following the on.‘s?t of .'■cvere faucial diphtheria; 48,000 units of anti- 
toxin were given. The heart sound.s were good, and there were premature beats and 
a soft sy.'tolic iininuur which was not tran.smitfed. Tlie apex of the lieart was in 
the inidi'lavieular line. A diagnosi.s of diphtheritic myocarditis tva.s made. In 
Juno, 1926, .Tone.s and White found her in good health and the heart normal. The 
|•bv4To.•aIdiogTam (Fit:. 2C) shows QRR comple.xe.s on the borderline of normal in 


width. Rhe wa.s s>-i‘n again in .January, 1936, at tlie age of forty-three years, and 
Was found to be in good liealth. Tim inten-sity of the fir.rt sonnd at tbe'apex was 
.••mnewhftt diminished, and tlicre was a very faint .<^y.-,tolic murmur at the apex. The 
hes.rt was transverse in position and normal in size by tluoro.scopv. The electro- 
cardiogram CFig. 2C) -riiows a slight increase in the width of the QR.S complexe.s 
siigisl shirring of the Qi>«. jji Imad U, suid a rather prominent B-wave in Ltiad IL 
The hm- T-wnve in Lrad JI and the inverted one in I^ad III niav be explained ori 
the basis of the nCher heavy Intild of the patient and the tran.-^ver'^e position of the 
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Case 2D. — The last case is that of a boy who was admitted in May, 1918, at the 
a|,e of six years, two days after the onset of severe faucial diphtheria. He was 
given 48,000 units of antitoxin. The heart was normal in size, the sounds were 
good, and there was a slight apical systolic murmur which disappeared by the time 
of discharge. IMien lie was seen by Jones and MJiite in April, 1920, he was in good 
health, and the heart was entirely normal, no murmurs being present. The electro- 
cardiogram (Fig. 2D) .shows QES complexes in Lead H of full width and prominent 
S-waves in Leads I and II. He was seen again in December, 1935, then at the age 
of twenty-four years. He was well and the heart was normal, without murmurs. 
The electrocardiogram is essentially unchanged. 

SUMIMARY AND CONCLUSIONS 

Among 100 persons tvlio liacl severe or mocleratelj’’ severe diplitlieria 
from fifteen to tiventy 3 'ears ago (91 of whom were examined ten years 
ago as well and reported previously by Jones and Wliite), no clear in- 
stance of aiiricnloventrienlar or intraventricular block was found. There 
were three eases with aurieiiloveiitrieular conduction at the upper limit 
of normal (P-R interval, 0.2 second) and four cases in which there is a 
possibilitjj- that there may have resulted a slight interference with intra- 
ventricular conduction. In two of the three former eases the P-R inter- 
val is gi’eater than it was at the time of the previous follow-up examina- 
tion ten years before, and in the four latter cases the width of the QRS 
complexes is slightly greater in two cases than it was ten years before, 
but in no ease is true abnormality a certainty. In two of the three 
cases with P-R intervals of 0.2 second, there was strong suspicion that 
there had been an intercurrent rheumatic infection. lYe conclude 
that, while there are acceptable cases of the development of disturbed 
conduction during the course of diphtheria and that in very rare cases 
the disturbance persists permanently, we have as yet no proof that 
it maj' develop some years after the illness.'-' 
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, *It is planned to reexamine again in ten years the seven special cases noted above. 



]{:letation of rectal temperature following 

MECHANICAL OBSTRUCTION TO THE PERIPHERAL 

CIRCULATION^^ 

J. jMurray Steele, M.D, 

New York, N. Y. 

I T HAS been shown that fever accompanying heart i’ailure with con- 
gestion may be an integi-al part of the condition.*' - The evidence 
presented in support of this statement is as follows: 1. There is fre- 
quent close association between the two (fever and heart failure) when 
diseases knornr to occasion fever, such as pneumonia, coronary occlusion, 
or hypertliyroidism, are not found. The closeness of the association is 
still more clearly shown in two further common experiences. First, 
fever often subsides abruptly when digitalis is effective in relieving 
lieait failure but is not influenced when it is given to an individual suf- 
fering from pneumonia. Second, it disappears wdien a paroxysm of 
tachycardia, auricular flutter for c.xample, accompanied by signs of 
mild heart failure and fever, ceases. 2. AYhen fever accompanies an in- 
fectious disease, even in cardiac patients, the weight of the body tends 
to fall, whereas when fever accompanies uncomplicated heart failure, it 
increases. 3. In febrile diseases the average surface temperature is 
higher than normal and falls with faU in rectal temperature. In heart 
failure it is often lower than normal, but with improvement rises as the 
rectal temperature falls. A thermal gradient greater than normal has 
developed during heart failure. Since the distribution of heat within 
the body depends almost entirely upon the circulation of blood, it fol- 
lows that failure to convey the usual quantity of heat to the periphery 
implies failure or slowing of the flow of blood to the surface. This can 
take place in two ways, eithei- by diversion of flow from the .surface 
(vasoconstriction) or as part of a general decrease in rate of flow. The 
latter is the usual situation in heart failure.®' * 

I'Tom those observations it appears tliat under cii'cum.stance.s in which 
the peripheral circulation is slow, difficulty develops in distributing heat 
to the surface of the body where it can be lo.st. The i)re.sent .study at- 
tempts to e.stimnte how great the diminution iji peripheral flow must be 
l)t-ff)re rectal tcnqjerature becomes elevated. The resnlLs show that a 
relatively .short and mild ob.stniction of the circulation to the e.xtremities 
is regu larly followed by increase of leclal temperature in normal indi- 

X In.«tnuto for Ift«,arch. .Vow York. 
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vidiials and suggest that the rise in lieart failure may often depend 
upon a comparable series of events. 


METHODS 

The procedure emjployed in this study follows: The subject was placed in bed 
ill a room in which the temperature could be regulated, A copper constantan thermo- 
coujile was attached by adhesive tape to the palm of the right hand; another was 
attached to the sole of the right foot; and a tliird, encased in a rubber catheter, 
was inserted deep (G to 8 cm.) into the rectum. Blood pressure cuffs were then 
applied to each extremity just above the knees and elbows. A period of time 
(approximately an hour), sufficiently long to establish the fact that environmental 
conditions were such, for the particular subject, that the rectal temperature would 



Pig, 1 . — A. simple cliagi-am of the photographic arrangement is shown in the 
vertical plane. In tlie upper right corner is a view of the longitudinal slit in the 
bottom of the photographic box with the beams of bsht at right angles to, the slit 
represented by dotted lines. In the left upper corner, the revolving drum is repre- 
sented as a circle within the square camera box (vertical section). 


fall slowly or remain level, was allowed to elapse. The cuffs were then quickly 
inflated to pressures within from 10 to 20 mm. Hg leloio or ahove diastolic pressure. 
The range of pressures used extended for the arms from 50 to 95 mm. and for the 
legs from 75 to 115. Pressure was maintained for from fifteen to forty-five minutes. 

Two methods of recording the observations have been used. Thermocouples were 
connected by suitable switches and resistances to a moving coil suspension galvanom- 
eter (Leeds and Northrup, Type B), The deflection of a beam of light was pro- 
jected from the mirror of the galvanometer through a lens of 1 metei focal length 
onto a ground glass scale. The beam of light was obtained from a single straight 
filament bulb (No. G. N. 1019-A, 0.5 amp., 3.5 volts. General Electric Co.). Read- 
ings were recorded every two to five minutes and charts were subsequently con- 
structed. Studies carried out in this fashion were begun in 1934. 
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Aloro recently, the bo.'inis of light from the mirrors of three gulvnnotncters (Lceils 
and Northrup, Type K) have been projected through a /-lit in an olherwiso light- 
proof metal box onto photographie. pajicr wrapped around an ultiniinurn drum (Fig. 
1). The method is simple; a cylindrical lens is not required for (he canieia.*’ The 
photographic paper moves past the slit, which is only 0,5 mm. wide, within such 
a short distance of it that sufiicient definition is obtained. The drum is rotated 
by a telecron motor coupled to reducing gears allowing, in tlic pre.sent apparatu.s, 
three speeds — 2, 12 and 50 cm. an hour. To furni.sh time lines the circuit of an 
ordinary electric light bulb is completed a.s often as required by electrical contacts 
on spindles of apiiropriutc reducing gears driven, by tlic same motor. For con- 
venience ill following the progrc.«s of an c.vperiment, a jiart of each b(;ain may be 
deflected by a mirror onto an ordinary ground gla.ss .c<;ale where it.s detlection is 
read as desired. Owing to the small changes brought about in the rectal teinjicra- 
ture by the procedures employed, the photograp'hic method of innhing rword.s has 
been of consideralde value in establishing the nature and the regularity of the rc.'Jult.':, 


Taiji.k I 


Tin: Erm'T or Onsram’io.v to thk C-iitccmvTjo.v or Hi/ion jn- thk K.'crnr-’.UTir.H 
Fro.v SuniAOE an'i* KrirrAi, TK.'.!ri:i:.vm;f;s 


A short summary of the data i.s given, arranged in order of dccn-msing room 
temperature.s. The variation in pre.«sure u.^ed Icnd.s to obscure the v!T(s’t of room 
temperature. IVith the exceptions of Case.® 0 and l.’f, in wliicli unusually low an<! 
high pressures were used, respectively, the ri.se.? of r(:'’tal tmiiperature aVe greater 
and the falls in temperature of the cxtreniitie.s are smaller in the fir.-t .•-'ix than in 
tiie last .seven case.s. 
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RESULTS 

The results Avere in general uniform (Table I). In all instances 
(thirteen observations in nine indnudiials) the rectal temperature began 
to rise within eight minutes after raising the pressure ui the cuffs and 
fell promptly on its release in nine of the fourteen tests. Even ivlien 
the temperature did not return to the original level there was, none the 
le.ss, a fall on release of pressure. Tlie rise in rectal temperature was 
preceded by, and continued for a variable period of time during, the 
fall of temperatures at the surface. Conversely wlien the pressure in the 



Fig. 2. — Tlii.s cliart i.s constructed from tlie i-ecorded temperatures in the way 
described in the text a,s the first method. The striking clianges in temperature which 
may be obtained bv use of liigli pressures are well shown. Note the rapid drop In 
temperature of the 'groin following release of pressure in cuffs. The slow fall in the 
temperature of the abdomen and groin during the time pressure was being applied 
suggests pooling of blood in tne extremities and consequent decrease in the effective 
volume of circulating blood (Case 13, Table I). 

cuffs was released, a fall in rectal temperature followed, accompanied 
by a rise in surface temperature (Fig. 2). The pressures used in the 
cuffs in this instance were great (110 to 120 mm. Hg for arms and legs, 
respectively). It was soon found that such high pressures ivere not 
necessary. Because of the discomfort involved, this experiment was 
not repeated. One chart (Fig. 2) is shoivn as an example of tlie first 
method of recording the temperatures. So far as the aim of the present 
study is concerned, the less striking results which follow the applica- 
tion of loAver pressures are of greater moment. 

Observations in which the pressure in the cuffs was above diastolic 
pressure differed from those in which it ivas below in degree only : when 
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FIk. 3. — The c.urve.s in thl« flfmre !ik %vc-U n« In FIks. •( find urc ren oOuoeil from 
continuou.*! photofn’aphlc reeonlH of temiieniture obtalnc-<l by the m'-tiiod d<';«Tibe(i in 
the text. The orcllnateii for temperature are drawn In wltli India ink on tin- orlKlnnl 
record.s, from IJio eallbratloii line.s seen on the extreme rlp-lii of liie rdiotofrraplif'. 
The rii^e of rectal teniperature wiu:. In thl.« Inatance, oeeanioned by a i>re.««un' of r>ft 
mm. Hg in the arin.s, CO mm. Hg in the legB. approximately l."! mm. le.'.'i than dia.“toIle 
prcB.surc (Case Table I). 
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record exhlbita the rather small rise In rectal temperature in com- 
relatively large fall in surface temperature of the extremities often 
encountered at moderately low environmental temperatures (Case 9, Table I). 
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tlie pressure was above the diastolic level the effects were somewhat 
greater. Pressures as low as 40 and 50 mm. Hg gave rise, however, to 
small increases in rectal temperature (Pig. 3). 

If the room temperature is low (in the neighliorhood of 22° 0.) the 
extremities are cool and the vessels are contracted. Under these circum- 
stances obstruction of the circulation decreases the loss of heat but little, 
and the rise of rectal temperature is, consequently, likely to be small 
(Pig. 4). If the temperature of the room is in the neighborhood of 24 
to 27° C., however, and the hands and the feet are warm, the rise in 
rectal temperature may be considerable although there is only a slight 
fall in surface temperature (Pig. 5). Under these conditions the rectal 
temperature tends to be exceedingly slow in falling after release of the 
obstruction to the peripheral circulation (Pig. 3). 



S-16-36 
R.T. 275* 

Fig. 5. — Tlie record of an observation carried out at a fairly higli environmental 
temperature is shown. Tlie rectal temperature does not return to its original level 
and the drop in surface temperatures of the extremities is rather small (Case 1, 
Table I). The pressures in the cuffs were in this case 13 mm. Hg below diastolic 
pressure. A portion of the record was omitted because it was irrelevant. The begin- 
ning is included to show calibration and scales. 


The study of a few observations in which pressure was maintained 
for upwards of one-half hour develops a point of interest. The tempera- 
ture of the rectum stops rising after pressure has been applied for from 
fifteen to twenty minutes, and the new level is thereafter maintained. 
Although objective evidence of increase in loss of heat from parts of the 
body to which the circulation was not obstructed was not sought, the 
subjective sensations, warmth of face and chest, the rubor of these sur- 
faces, and the appearance of small beads of perspiration, appear to 
constitute ample evidence of increased effort to lose heat from these 
portions of the body. It seems clear that a new state of equilibrium 
has been reached. 
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COjraiKNT 

It Avas tlenionstratecl long ago that coinploto stoppage of tlie cireiila- 
tion gives rise promptly to iiiei'case of temporal lire in tlie interior of 
tlie body and tliat Ibis takes place Avliile tbe lanaplnn-al t(;mi)eratnre is 
decreasing.®’ The present study dcmonstralo.s that even partial, in 
fact very mild, obstruction of relatively .short duration to tlie oircnla* 
tion of the extremities is pi’omptly and regularly followed by a .small 
rise in rectal temperature. The circumstances under which the observa- 
tions were carried out precluded tbe possibility of making quant it ative 
estimations of tbe degree of .slowing of tbe cirenlation to tbe extremities. 
The venous congestion and faintly cyanotic tinge wdiich ajqienrcd dur- 
ing the latter part of the period in Avhich the cuffs were inflated, seem, 
hoAA’cvei’, to indicate that a certain amount, of .slowing of the circulation 
took place. Tlie slowing of the pcriplieral circulation whicli in the.se 
obseiwations .seems no greater in degree, and i.s ohvion.sly infinitely 
shorter in duration, than that which occurs in heart failure is. none 
the less, .sufficient to elevate sliglitly internal body temperature. 

The inference is, then, that tbe degree of .sloAving of the circulation 
often observed in individuals suffering fi’orn lieaii failure is capable of 
interfering Avith tbe loss of heat from the body to such an extent that 
elevation of the rectal tcm]Aeraturc folloAvs. There are, of coui'se, rea- 
sons for believing that other more complex mechanisms frerinenlly play 
a part in raising the temperature of the body in heart failure. Some 
of these reasons have been discn.ssed in previous papei-s.-’ 

.SUMHAnY 

1. A melbod of obtaining continuous rccoi’ds of lemperaturo is de- 
scribed in AAdiieb tbe movements of beams of light reflected from the 
mirrors of galvanometers connected to thermocoujjles are photographed. 

2. Relathmly mild obstruction to the circulation of the extremities 
obtained by use of pi-essure cuffs about the arms and legs i.s folIoAved 
promptly bj' i-ise in rectal temperature. 

3. In a Avarm euA'ironment, the i-i.se of rectal temperature lends to be 
greater and tbe fall of surface temperature le..ss tlian in a cool cnvii-on- 
ment. 

4. The results suggest that tbe relatively mild and .short obstruction 
to peripheral circulation used in these observations brings about eleva- 
tion of rectal temperature and is consistent AA-ith tbe belief that elcA-a- 
tion of rectal temperature encountered in tbe coui’se of heart failure 
may be due simply to sloAAung of the peripheral circulation. 
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HEART CHANGES AND PHYSIOLOGIC ADJUSTMJilNT IN 
HOOKWORM. ANEMIA* 


Wjluam B. Portkr, ]\LD. 

Richmond, Va. 

INTRODUCTION 

W HEN a living organism is confronted witli adverse conditions which 
threaten its phj^sicai fitness, there go into action mcclianisins cal- 
culated to modify the harmful effects resulting llierefrom. Tlie suc- 
cess of these adjustment mechanisms is dependent upon many factors, 
but the length of time allowed for development is uncjuestionably the 
most essential factor in that success. The full establishment of these 
compensatory processes is realized in man, not in periods of months, but 
rather after the lapse of years. 

Much information is at hand which deals with the reaction of man to 
anemia, but the studies have been concerned with relatively acute re- 
ductions in the oxygen-carrying function of the blood; hence, the con- 
clusions are applicable in only a limited degree to the changes develop- 
ing in individuals with chronic anemia existing over jicriods of years. 
To comprehend fully this problem, it mu.st be appreciated that the body 
functions as a corporate wliolc, bringing into play many quite different 
mechanisms each of which is required to lend only a little aid in the 
handling of the adverse situation. This study was conceived to deter- 
mine what factors contribute to the physiological adjustment occurring 
in anemia of varying degrees and duration and whether during the 
evolution of the compensatory processes there occur anatomical changes. 

A study of the reactions to a diminished oxygen-carrying capacity of 
the blood is immediately concerned not only with the amount of circulat- 
ing hemoglobin and the heart and vascular .sy.stems, but also with the 
pulmonarj' apparatus and finally with the ti.ssue cells which are in con- 
stant need of varying quantities of oxygon. An cffoit was made to study 
as completely as the circum.$tances permitted both from a physiological 
and anatomical standpoint tho-se organs and .sy.stems which arc normally 
concerned with the problem of oxygen supply and distribution. 

The anemia associated with hoolnvorm infestation offers an ideal type 
for .study. It varies in intensity, duration, and rate of development, and 
may be relieved by medication without the introduction of measures 
which might confuse the observations. 

•'From the Department of Medicine, Medical College ot Virginia Rielimond Va 
ReJem-chTund! defrayed by a ffrant from the Valentine 
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Eighteen patients A^arying in age from six to forty-nine years lA’^ere 
selected and placed in liospitals. These were chosen for the reason that 
they Avere free from other diseases which might be confusing. Taa^ of 
the patients Avere infested AA'ith Necator americanus and sixteen with 
An kylosfoma duodenale. 

All patients remained in bed on the days physiological observations 
AA’ere made and at all times Avere confined to a Avard. This restriction 
definitely standardized tlic kind and amount of physical aetiAuty. The 
blood pressure readings, A^enous pressure estimations, and rate of blood 
floAv studies AA’cre done from three to four hours after the last meal. The 
A'ital lung capacity estiinations AA^ere made on the days not concerned 
AA'ith other physiological studies. All of the recorded primary figures 
AA^ere obtained during the first AA^eek of observation and subsequently at 
weekly intervals, after the beginning of tlierapeutic measures calculated 
to reduce the anemia. 


AIETHODS 

The arterial blood pressure aa^s determined Avith the aid of a .standard 
mercury manometei-, the venous pressure b^^ direct venipuncture, using 
the apparatus and technic of liloritz and von Tabora.^ In the determina- 
tion of the vital capacity of the lungs, a calibrated spirometer AA'as used. 
Mea.surements of the velocity of blood floAV AA’-ere made Avith the use of 
the cyanide method of Robb and Weiss." Local novocaine anesthesia Avas 
used routinely. The effective dose of cyanide solution Avas determined 
by gradually increasing the amount and recording the quantity AAhich 
AAmuld gtye regularly a reaction consisting of tAAm to four active respira- 
tory cycles, and the final figure AA^as considered standard for the indiAud- 
ual after three observations at half-hour inteiwals using the determined 
effective quantity. All blood studies Avere made by the same observer 
AAdio used counting chambers and pipettes certified by the United States 
Bureau of Standards. The hemoglobin estimations AA^ere done AAuth a 
Sahli hemometer standardized so that 14.5 gm. AA’-ere equivalent to 100 
per cent (Wintrobe-'^). 

The heart size Avas determined at the. beginning and at the end of the 
period of observation by the use of teleroentgenograms. These Avere 
standardized to constant chest diameters and the position of the dia- 
phragmatic level. The electrocardiograms AA-ere made under standard 
conditions at a central station and Avith the patients in the recumbent 
position. 

TREATMENT 

In 1929 it Avas observed that patients AAuth hoolavorm disease could be 
relieved of all symptoms, including the anemia, Avithout the use of anthel- 
mintics if they were placed on a diet rich in complete proteins, large 
amounts of iron, and liver extract (aqueous extracts).^ Subsequently 
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Rhoads, Castle, and their cowoi-kers''- have confirmed this ohsei-vation and 
have indicated that iron in adcfjuale (juantilics is the inii)orlant effective 
agent. 

In this study all patients were given an adequate diet rich ij) complete 
pi'oteins. ferrous su!])ha1e 1 gm., and liv<’r extracts (a(|ucous) 4.) c.c, 
daily, the amounts of iron and liver extract being proportioned to the 
body size of the child patients. No anthelmintics were given. 

In every instance tlicre was i)rompt and ]n'ogr<;ssive improvement in 
weight, subjective .symjhoms, and an incnsise in hemoglobin of aj)i>roxi- 
mately 0.2 gm. per 100 e.c. per day. 

CASE KEeoaTE 

Case 1. — U. P., n white fcmulc, agci.i six yours*, who oomptuiiioa of wouknops, 
unoroxiii, fatigability, pufiiuoss of tlio oyolids, soul Fliglit swolHng of tho foot, was 
ailmittftd .July 18, ia:j2. Pallor had boon first nolod during Dooomlsor, ni;:!. 

Physical exominolion sliowod a jioorly nniirisliod obild who was vory sluggisii 
mentally and idiyaically. Her weight on admission was '.Kflii pounds, v.hioli foil to 
36t>! pounds during the first week in the hospital and then progre.-^sivoly tJioroasod, 
She weighed 4(1 pounds when discliargcd on Sept. 14, 1032. 

Tliere was marked pallor of the .skin and mucous monihranes and .xlight, pitting 
edema of tlie ankles. Tlie pulse was 120 per minute and rhyihmii-; blood pres.snre 
was systolic 108, diastolic 45. The veins were not abnormally distended and the 
.iugulars pulsated at a normal level. Hetirt (Pig. 1): 'J'he first .sound was loud and 
booming in quality, ami a loud systolic murmur was aiidilde over the entire heart 
urea. The second soutids were normal. The lungs were not \inus-nal execi'ft for 
exaggerated puerile breath sounds throughout. 

Lahoralory Data . — Hemoglobin in grams per 100 c.c., 2.8; erythrocytes in millions, 
1.54; leucocytes in thousands, 12.8. Feces: o%-a, Xecator amcricnnii.s, heavy infesta- 
tion. Electrocardiogram, Fig. 1. 

Case 2. — P. H., a white female aged eight years, who coinidained of o.vtreme 
fatigability, prccordial aching with effort, p.ullor, and edema of tlie feet and ankles, 
was admitted April 18, 1932. 

Physical examination showed a fairly well-nourished child, extremely sltiggi.sh 
mentally and physically, lying comfortably in bed showing no evidences of respir.'itory 
distress. The weight on admission w'as 41% pounds which fell to 35 pounds during 
the first week in the hospital, and then progressively increased. She weighed 48% 
pounds when discharged June 17, 1932. 

There was extreme pallor of the .skin and the mucous membranes and pitting 
edema over the sacrum, feet, and ankles. Tlie pulse was 127 per minute and rhythmic; 
blood pressure was sj’stolic 90, diastolic 50. The .iugular veins were moderately dis- 
tended. Heart (Fig. 2) ; The first sound was booming in qnalitj', and a loud systolic 
murmur was audible at the apex and base. The second pulmonic sound was definitely 
accentuated. Medium, moist rules were heard posteriorly over both lung bases. The 
respiratory rate was increased to 38 per minute; yet there was no ajiparent distre.ss. 

Laboratory Data , — ^Hemoglobin in grams per 100 c.c. 1.4; erythrocytes in millions, 
1.24; leucocj-tes in thousands 11.2. Feces: ova, Xecator americanns. Serum proteins: 
albumin 2.1 gm. per cent; globulin 3.2 gm. per cent; cholesterol 118 mg. per 100 c.c. 
. Electrocardiogram, Fig. 2. 
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Case 3. G. M., a native boy, aged ten years, who had no especial complaint, was 
admitted July 22, 1935. His parents complained that the child would not play and 
that liis growth was slow. 

Physical ■cxamiiwticn revealed a poorlj' nourislied boy who was very sluggish 
mentally and physically. His weight was 34 pounds. There was extreme pallor of 



Fig. 1.® — Case 1. 


DATE 


HEMOGLOBIN. 
GM. PEIl 
100 C.C. 


CARDIO- PREDICTED TRANS- 
THORACIC VERSE DIAMETER 

RATIO HODGES & EYSTER 


ACTUAL TRANS- 
VERSE DIAMETER 


7/18 2.8 

0/13 11.9 

Etectrocardiofiram: 


Sinus 


51.0% data incomplete 
•14.9% 


10.1 cm. 
8.4 cm. 


tachycardia, rate 112, otherwise normal. 



. — Case 2. 

PREDICTED TRANS- 
VERSE DIAMETER ACTUAL TRANS- 

HODGES & EYSTER VERSE DIAMETER 

data incomplete 12.3. cm. 

9.9 cm. 

Electrocardiogram: Sinus tachycardia, rate 115, otherwise normal. 


»A11 figures are composed of the first and last teleroentgenograms ; the latter is 
indicated by the dotted line. The outside figures represent the measurements in 
centimeters of the first and- the inside figures of the last teleroentgenogram. The 
hemoglobin values were obtained on the same day as the x-ray studies. The figures 
and the cases bear identical numjiers. 


DATE 

4/18 

6/14 


HEMOGLOBIN, 
GM. PER 
100 C.C. 

1.4 

12.7 


CARDIO- 

THORACIC 

RATIO 

58.8% 

47.3% 
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the shin und tlic mucous nieiubraiies. Arteries were normnl. iMilso nite was 110 ut..l 
rhvtlimic; Wood pressure was systolic 110, .liastWic 45,. The veins were full, Inil 
the jugulars pulsated at a normal level. Heart (Tig, n) : The tirst sound was loud 
and booming, and there was an inconstant syatolie murmur heard at the mitral urea 
and at the left second costal cartilage. P, and A, were normal, The thorax was 
slightly emphysematous in shape. Tlie lungs gave to a marked degree the phenomena 
of liyperfunctional inflation. 

Laboratory Data . — Ilcmoglohin in grams per 100 c.e,, erythrocytes in millions, 
2.42; leucocytes in thousumls, 8.45. Feces: ova, Unciiuiria amrrkana and Axcan.-i 
bmhncoK?e.s. Scrum i)roteins: tdlnimin, 2.S gin. jier cent; globulin, 2.4 gm. per 
cent; cholesterol, 82 mg. per 100 c.c. Electrocardiogram, Fig. .'t; vital capacity, 
Table III. 


Case 4.— L. M., a native boy, aged fifteen years, who complaine*! of fatigaldlity, 
vertigo, tinnitus, and pain under the lower substernal area ami breathlessne.ss witli 
effort, was admitted .Tuly 2, 1025. He took pari in no sports but did some domestic 
work. 



DATE 

HEMOOI.ODIX, 

C.M. pr.n 

100 o.c. 

Fig. S.— 

CATIDIO- 

TflOIiACIC 

lUTIO 

'Cask 3. 

rREDlCTED TRANS- 
VERSE uIA.^rETi:R 
HODOEB & EYSTKR 

ACTUAI. TfiA.S'R- 
VEP.fii: DIAMKTKa 

7/22 

3.C 

51.3S5: 

data incoinplote 

10.0 cm. 

8/14 

. 11.3 



10.0 cm. 


aiectrocardioornm: Sinus rliythm, rate 95, Pi inverted, Ti sbandr inverted- 


Physical examination revealed a poorly nourished boy who was very sluggish 
mentally and physically. His weight was (54 pounds; height, 50 incites. There %vas 
marked pallor of the skin and mucous membranes. The arteries showed wide pulsa- 
tions, Tlie pulse rate was 104 per minute and rhythmic; blood jircssure was sy.stolic 
105, diastolic 55. The veins were full, but the jugulars did not pulsate above a 
normal level. Heart (Fig. 4) : Tlie first sound was loud and booming in quality. 
There was an inconstant sj’stolie murmur at the apex and ba.se. P. tmd Aj were 
normal. The thorax was markedly emphysematous in shape, but expansion was equal 
and normal. The lungs showed to a marked degree the phenomena of liyperfunc- 
tional inflation. 

Laboratory Hata.— Hemoglobin in grams per 100 c.c,, 2.G; erythrocytes in million.®, 
1.66; leucocytes in thousands, 7.7. Feces; ova, TJneinarin nmericana, heavy infe.sta- 
tion. Senim proteins: albumin, 4.1 gm. per cent; globulin, 1.2 gm. per cent; 
cholesterol; 100 mg. per 100 c.c. , Electrocardiogram, Fig. 4 ; vital capacity, Table III. 
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Case 5.— C. E., a native man, aged t\Yenty-tliree years, Avho complained of weak- 
ness and blurred vision wliieli began six weeks previously following an attack of 
diarrhea of three days’ duration, was admitted July 10, 1935. He had worked regu- 
larly as a laborer on a sugar cane farm. 




y'K' . 


- ' ■•'•/..'’■•J-r’j ssffisragw. 








BATE 


HKMOGl.OmX, 
GM.'PER 
100 C.C. 


Fig. 1. — Case 4. 

CARUIO- predicted TR.VNS- 

THORACIC TORSE DIAMETER 

m\.TIO HODGES & ETSTER 


ACTUAL TRANS- 
VERSE DIAMETER 


7/3 2.6 51.6% 

S/13 11.8 46.7% 

h'lcctrocnidior/rftm : Sinus tachycardia, 
deep Q-wave in Lead III. 


9.5 cm. 12.3 cm. 

10.0 cm. 11.1 cm. 

rate 103, flat P-waves in Leads II and HI, 





Fig. 5.— 

-CASE 5. 



HEMOGLOBIN, 

CARDIO- 

PREDICTED TRANS- 



GM. PER 

THORACIC 

TORSE DIAMETER 

actual trans- 

DATE 

100 C.C. 

RATIO 

HODGES & EYSTER 

verse DIAMETER 

7/10 

6.9 

48.9% 

11.3 cm. 

13.9 cm. 

8/16 

9.5 

43.8% 

11.4 cm. 

12.5 cm. 

J<Jlectrocarcliogram : Sinus 

rliytlim, rate 

79, electrical axis, left 

preponderance. 


Physical exoLTninaiion revealed a fairly well-nourished man i\ho nas sluggish 
mentally and pliysically. His weight was 12.7 pounds; heiglit, 67 indies. Aiteries 
were normal. Pulse rate was 58 and rhythmic; blood pressure was systolic 92, 
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diastolic ‘15. Tlie veins were noruial. Heart (Fig, 5) ; Tlie first and second sounds 
were noriiml, and tlierc were no niunnuns. The thorax wiis .sligiitly einjjliysemntous 
in shape; yet expansion was equal and noianiil. The hint's ttave to a niaike/l doftree 
the phenomena of hyperfunctional inllation. 

Laboratory Data . — Hemoglobin in grams per .100 e.e., (i.O; erytlirocytes in millions, 
LMC; leucocytes in thousand.s, 0.5. Fece.s: ova, Vnrinarin irinrrirnna. Feriim 
proteins: albumin, 4.0 gm. per cent; globulin, 2,4 gm. per cent; cholesterol, 70 mg. 
per 100 c.c. Electrocardiogram, Fig. 5; vital capacity. Table 111. 

Case 6.— E. V., a native woman, aged twenty-three year.s, who complainefl nf fatig- 
ability, aching in the legs and arms, hc:idacbe, and vertigo, was admitted July 4, 
IP.3.5. She did the domestic work for a famih" of five. There were three living chil- 
dren, Two months previously she had an abortion with blood loss, but the (plant ity 
was not definitely stated. 

Physical t,xnmiiuition- revealed a poorly nourished woman who was very sluggisli 
mentallj' ami physically. Her weight was 87 pounds; her lieight, n:*, jnclies. Tliore 



Fig, 6. — Case G., 


DATE 


HEMOOLOEI.V, 
GSI. PEP. 
100 C.C. 


CAllDlO- J’nEDICTED TP.AKS- 

TiionAcic VEr.sE niAJinTEit actuai- tra.vb- 

P.ATIO HODGES & ETSTEIl VEIiHE DIAMETEe. 


7/4 4,0 50.8% 9.9 cm. 12.4 cm. 

(/Gl 8.9 44.2% 10.1 cm. 10.7 cm. 

Electrocardiogram: Sinus tachycardia, rate 100, P-R intcrv.al 0.21 sec.. Ti iso- 
electric, To and Tj inverted. 


was marked pallor of the skin and the mucous membranes. Arteries were nonnal. 
Pulse wave had a wide excursion, rate 74 per minute, and arrhythmic. Blood pressure 
was: systobc 130, diastolic 50. Heart (Fig. 6): The first sound was loud and tliere 
was an inconstant systolic murmur at the mitral area. The rhythm was interrupted 
by "dropped beats" every sixth to eighth cardiac cycle. The clinical evidence of 
heart-block lasted three days, A. and P, were normal. Tlie thorax was slightly 
emphysematous in shape. The lungs gave to a marked degree the phenomena of 
hyperfunction-.il inflation. There was no edema. 

Laboratory Bata . — Hemoglobin in grams jicr 100 c.c., 4.0; erj'tlirocytcs in millions, 
2.23; leucocytes in. thousands, 5.05. Feces: ova, TJneinaria- amcricana, heavy in- 
festation. Serum proteins: albumin 3.2 gm. iier cent; globulin, 1.2 gin. per cent; 
cholesterol, 71 mg. per 100 c.c. Electrocardiogram, Fig. 0; vital capacity. Table III. 
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Case /. C. A., a native man aged twenty-five years, who complained of vertigo, 
fatigabilitv^ palpitation, and substernal discomfort with effort, was admitted July 1, 
1935. He was employed as a laborer on a coffee farm, but had worked not more than 
half time during the past year. 



Fio. 7 . — Case 7. 


DATE 


HEMOGLOBIN, 
GM. I’ER 
100 C.C. 


CARDIO- 

THORACIC 

RATIO 


PREDICTED TRANS- 
VERSE DIAMETER 
HODGES & EYSTER 


ACTUAL TRANS- 
VERSE DIAMETER 


7/2 (.9 

S/IG 11.1 


Electrocnydiooram : 
a nee. 


■J9.1% 10.4 cm. 13.0 cm. 

45.6% 10.6 cm. 12.0 cm. 

Sinus tachycardia, rate 100, electrical axis, right preponder' 



Fig. 8. — Case 8. 


HEMOGLOBIN, 
GM. PER 
DATE 100 C.C. 

7/11 6.8 

8/16 11.6 

Electrocardiogram: Sinus 


CARDIO- PREDICTED TRANS- 
THORACIC VERSE DIAMETER 

RATIO HODGES & EYSTER 


ACTUAL TRANS- 
VERSE DI.AMETER 


41 . 7 % 10.4 cm. 11.7 cm. 

39.0% 10.5 cm. 11.0 cm. 

rhythm, rate 70, normal electrocardiogram. 


Physical, examinution revealed a reasonably well-nourished man who was very 
sluggish mentally and physically. His weight was 105 pounds j his height, 66% 
inches. The skin and the mucous membranes showed marked pallor. The arteries 
were normal. Pulse rate was 74 per minute and rhythmic. Pulse wave had a wide 
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excursion; blood pressure wns H 3 ’stolic 124, diastolic 48. The vein.s were norninl. 
Heart (Fig. 7) : The first sound was loud and booming in <iuulity. There was an 
inconstant sj'stolic nuirmur at tlie ajicx and left second co.stal carlilage. P, and A, 
were normal. The thorax was .sliglith' oinphysematons in .shape; yet exjiansion v.'as 
ecpial and normal. The lung.s gave to a slight degree llie jihenoinena of hj'per- 
functional inflation. 

Litbaralory Data . — Hemoglobin in grams per 100 e.c., -I.!*; erj'throeytes in millions, 
2.7.3; leucoeyies in thousands, 0.25. Fi’ces; ova, Vnciwicia amrrimiw, verv' heavy 
infestation. Serum proteins: albumin, .^.2 gm. jier cent; globulin, 1..'! gm. per cent; 
chole.sterol, 70.4 mg. per 100 e.c. Electrocardiogram, Fig. 7; vital capae.ifj', 
Table HI. 

Case 8. — A. A., a native man, aged twonij'-eight yeans, v.'ho complained of vertigo 
and weakness, was admitted Julj’ 10, ltt.‘?5. He had continued to work regiilarh" as it 
laborer on a sugar cane farm. 



DATE 

IIEXfOGLOni.N, 
O.M. I’EU 

100 C.C. 

KIO. 9,— 

CAKDIO- 

TIIOnACIC 

ItATiO 

Cask 9. 

rKKIMCTKD TJJAXS- 
VEHSK DiAMf^ren 
nOlMlKS f< KYSTKR 

ACTUAL TUAXR- 
VKItRi: PIAMITTKR 

7/4 

3.7 


lO.I cm. 

12.1 cm. 

8/12 

10.7 

•l7.5Vc 

3 0.5 cm. 

11,-* cm. 


l-Jtectrocardiogram: Sinu.s rliytliin. rate 88. normal elt'ctrocarilioKrani. 

Physical Exaviinalion . — The patient was a fairlj' well-nouri.‘died man who was 
plijasically active but mentalh' sluggish. His weight was 101 pounds; height, 04 
inches. The skin and the mucous membranes showed moderate pallor. Arteries were 
normal. Pulse rate was 02 per minute and rhythmic; blood pressure was systolic 110, 
diastolic 60. Veins were full, but the jugulars did not pulsate above a normal level. 
Heart (Fig, 8) : There were no murniuns, and the first and .second sounds were 
normal in quality and intensity'. The thorax was slighth’ emphv-sematous in .shape; 
j’et expansion was equal and normal. The lungs gave to a moderate degree the 
phenomena of hyperfunetional inflation. 

Laboratory Data . — Hemoglobin in grams per 100 c.c,, G.8; er 3 ’throcj 1 :es in millions, 
.8.55; leucocj’tes in thousands, 5.20. Feces: ova, Uncinaria nmericana, and evsts 
of Endamieba histolytica. Serum proteins: albumin, 2.2 gm. per cent; globulin, 2.0 
gm. per cent; cholesterol, 72 mg. per 100 c.c. Electrocardiogram, Fig. 8; vital c:i 
pacity. Table HI. 
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Case 9. A., a native woman, aged thirty years, wlio complained of fatigability, 

headache, vertigo, and substernal aching with active physical effort, Avas admitted 
July 3, 1935. She did all the domestic work for a family of live and occasionally 
Avorked in the field. 

Physical ExamiiMtion. — She Avas a poorly nourished Avoman aa’Iio AA'as mentally and 
jdiysically .sluggish, but actiA-e in caring for jAatients on the Avard. Her Aveight AA'as 
S6 pounds; height, 5S inches. Skin and mucous membranes showed marked pallor. 
Arteries aa'Cic normal; Pulse Avas full, rate Gl per minute and rhythmic; blood 
pressure AA'as systolic 110, diastolic 55. Veins AA'ere normal. Heart (Fig. 9) : The 
first sound Avas loud, and there Avas an inconstant systolic murmur heard at the mitral 
area. A. and P. Avere normal. The thorax AA'as definitely emphysematous in shape; 
yet expansion AA'as equal and normal. 

Laboratory Data . — Hemoglobin in grams per 100 c.c., 3.7 ; erythrocytes in millions, 
2.6; leucocytes in thousands, 3.55. Feces: ova, Uncinaria amcricana: Serum 
proteins: albumin, 4.1 gm. per cent; globulin, 2.2 gm. per cent; cholesterol, 60 mg. 
per 100 c.c. Electrocardiogram, Fig. 9; vital capacity. Table III. 



Fig. 10. — Case 10. 


DATE 


HEMOGLOBIN, CARDIO- 

GM. PER THORACIC 

100, C.C. RATIO 


PREDICTED TRANS- 

A'ERSE DIAMETER ACTUAL TRANS- 

HODGES & EYSTER VERSE DIAMETER 


7/13 3.4 

8/15 10.1 

Electrocardiogram: 


50.0% 10.3 cm. 12.8 cm. 

41.6% 10.6 cm. 10.6 cm. 

Sinus rhythm, rate 88, normal electrocardiogram. 


Case 10. — T. D., a native Avoman, aged thirty-five years, Avho complained of head- 
ache, Aveakness, blurred A'ision, and breathlessness with effort, was admitted July 
12, 1935. She did all the domestic work for a family of five, but the above symptoms 
Avere made sufficiently seA^ere by outside labor to preA’ent her from helping in the field. 

Physical Exwiniimtion . — The patient Avas an undernourished Avoman who assisted 
patients on the ward but Avas mentally and physically sluggish. Her Aveight was 
86 pounds; height, 57 inches. Arteries AA'ere normal. Pulse rate AA'as 84 per min- 
ute, and rhythmic; blood pressure Avas systolic 100, diastolic 65. Veins Avere full and 
large, but the jugulars did not pulsate aboA'e a normal level. Heart (Fig. 10) : 
The first sound was slightly increased in intensity, but there were no murmurs. 
A, was normal in quality and intensity; P, Avas slightly increased in intensity. 
The thorax Avas definitely emphysematous in shape; yet expansion Avas equal and 
normal. The lungs gave the phenomena of liyperfunctional inflation. 
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Lalonitory Data . — lleinoglobin in {,Tinns per 100 e.e,, ;!,1 ; eiyllironvtcs in nni- 
lions, 2.24; Icueoeyte.s in tlioii.samls, 4.0, reccK; ovn, Unrhmriii am> rimnn, Hnnnn 
proteins: nlbumin, il.S gm. per cent; glohulin, 1.8 gfii. per writ; ciiolesferol, Ol) rug, 
per 100 c.c. Elcctrocurdiograrn, Fig, 10; vital cajiaeitj', Tal/le IM. 

Case 11.— A. D., a native woman aged thirty-five years, who eonii/lnined of slight 
vertigo and lieadaclie induced liy jiliysicul labor, was ailinitted July 22, lO.'to. Ifer 
disabilities were not fiiitricient to interfere with the domestic diitie.s necessitated liy 
a family consisting of a husband and eight living children. Tin- youngest c!ii!<l 
was two yeans old, and the jiatient was then four months iiregrmnt. 

Physical Exaniinatirm . — The woman was modmately well nourished, phy.sieally 
active, hut mentally sluggish. 'J’lic skin and tin* mucous inembrane.s were pmle, 
and the skin was ytrernaturely wrinkled. Her weiglit was 100 pounds; ladglit, o' 
inches. Arterie.s were normal. False rate was 7.S per minute and rhythmic; blood 
pressure was systolic 118, diastolic (ifl. Veins were normal. Heart (Fig. H.): 
There was a systolic iruirrmir heard at the mitral area and over the base in the 
recumbent po.sitioa. A, and F. wer-e normal. The vessels of the optic fundi were 



Fro. 11.— CA.sn 11. 


OATK 


riKMOOLOia.N, 
G.'^I. rKK 

100 c.c. 


CAIiWO- 

TilOfiACIC 

KATIO 


7/22 1.3 

8/ir, S.7 

J^lcctrocardiogram: 


Sinu.s tacliycarijia. 


I’KKDtr’Tim TI!,V,V.«' 
vi^ii.sn i)i,v.'ur:TKi! 
TIOtKmS & f.V.STKi*. 

10.9 cm. 

10.9 cm. 


ACTCAt. ri'.ASH- 

vctasc. niAwrrrm! 


Il.G cm. 
ll.C cm. 


rate 11.7, otherwise norma!. 


normal. Tire thorax was enipliysematous in shape, yet, e.vpansion was erpml and 
normal. The lungs gave the yrhenomena of hyperfunctional intlation. 

Laboratory Data . — ^Hemoglobin in grains per 100 c.e., ■}.?,; erytlirocyte.s in mil- 
lions, 2.81; leucocj-te.s in thousands, 5.51. Feces: ova, Uncinaria amoricana. Rerum 
proteins: albumin, 3.2 gm. per cent; globulin, 2.1 gm. per cent; cholesterol, 105 
mg. per 100 c.c. Electrocardiogram, Fig. 11; vital capacity. Table TIL 

Case 12. — S. A,, a native man, .aged forty yeans, who conijdained of fatigability, 
tinnitus, beadache and palpitation with effort tvas admitted .July 10, lfl.'!5. He 
was usually constipated, but one year previously he had had diarrhea for three 
dat'S. He worked regularly as a laborer on a coffee ydantation. 

Physical Examination . — ^He was a poorly nourished but well-developed man who 
was very sluggish mentally and physically. His weight was 140 pounds; height, 07 
inches. The .skin and mucous membranes showed marked jrallor, and the skin n-ms 
prematurely aged and wrinkled. The arteries showed sliglrt .sclerosis. Pulse wave 
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had a wide excursion, rate G-i per minute and rhythmic; Mood pressure was systolic 
105, diastolic 55. The veins were veiy lai’ge and full, but the jugulars did not 
pulsate above a normal level. Heart (Fig. 12) : The first sound was normal in 
quality and intensity. There was an inconstant systolic murmur heard at the 





Fig. 12.- 

-Case 12. 



IIE.MOGLOmX, 

CARDIO- 

PREDICTED TRANS- 



OM; PER 

THORACIC 

VERSE DIAMETER 

ACTUAL TRANS- 

DATE 

100 C.C. 

RATIO 

HODGES & EYSTER 

VERSE DIAMETER 

7/10 

3.7 

•19.0% 

11.6 cm. 

15.6 cm. 

8/16 

11.2 

42.1% 

11.8 cm. 

13.4 cm. 


Blcctrocnrdioffrani: Sinus rhythm, rate 73, normal electi-ocarcliogram. 





FIG. 13.— 

Case 13. 



HEMOGLOBIN, 

cardio- 

predicted trans- 



GM. PER 

thoracic 

verse DIAMETER 

actual trans- 

date 

100 c.c. 

RATIO 

HODGES & EYSTER 

verse diameter 

.7/10 

4.3 

47.6% 

10.3 cm. 

12.5 cm. 

8/16 

10.8 

41.2% 

10.5 cm. 

10.8 cm. 

JSlectrocardio'fjram: Sinus 

rhythm, rate 

75, normal electrocardiogram. 


mitral area. and P„ were normal. Tlie lungs gave to a marked degree the 
phenomena of liyperfunctional inflation. Tliere was slight pitting edema of the 
ankles. (There was a weight reduction of 6 pounds during the first week in the 
hospital due to edema loss.) 
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Laboratory Bata. — Hemoglobin in grnms per H)0 c.c., :,!,7 ; erytlirocytes in mil- 
lions, 2.19; Icucocyte.s in tlioiisnncls, 5.8.'». l-’eccs: ova, Unciaaria tmrricana, Tricho- 
ccyhaUt.s dUyar, and cyst.s of Endameba hus-tohjtira. Serum protein.-: albumin, 3.8 
gm. per cent; globulin, 1.9 gm. per cent; cholesterol, 90 mg, per 100 c.c. Electro- 
cardiogram, Fig. 12; vital capacity. Table III, 

CA.SB 13. — <T. Y., a native man, aged forty-two, rvlio complained of licaduclie, 
vertigo, and edema of the ankle.-, was admitted July 10, 3935. He had been 
without work for two weeks, but before this ho had worked regularly ten hours a 
day a.s a laborer on a coffee plantation. 

Physical Bxaymnaiion. — The man was poorly developed and undernourished and 
mentally and physically very sluggish. There was marked pallor of the skin and 
mucous membranes. His weight was 90 pounds; heiglit, 01 inches. Arterie.s showed 
very slight sclerosis. Pulse had a wide excursion, rate OS per minute and rhyltiinic; 
blood pressure, systolic 110, diastolic 00. The veins were large and full, but the 
jugulars did not pulsate above a normal level. Heart (Fig. 33): The lirst sound 
was increased in intensity at the apex, and there was an inconstant sy.stolic murmur 
lieard at the mitral area. A, was slightly amphoric in fpiality; P. was normal in 



Fio. i-i. — C ase It. 


DATE 


HEMOOLOCIN, 
O.M. TEIt 
100 C.C. 


CAtlDIO- mEDICTEn THANS- 

TIIORACtC VERSE DIAMCTER 

RATIO HODCES & EYSTER 


ACTUM. TRAN'S- 
VERSE DIAMETim 


VS t.9 ' GO.0% 

death and autop.sy 

Jiiectrocareliooram: Sinu.s rliythrn, r.Tte 


11.3 cm. 17.2 cm. 

<0, clcctrlc.al axl-s, left preponderance. 


quality and intensity. The thorax ivas markedly cmphy.sematous in shape; yet ex- 
pansion was equal and normal. The lungs gave to si marked degree the phenomena 
of hyperfunctional inflation. There was slight pitting edema of the ankles. 

Laboratory Bata. — ^Hemoglobin in grams per 100 c.c., 4..3; crj-tlirocytcs in mil- 
lions, 1.80; leucocytes in thousands, 8.3. Feces: ova, Unoinaria amcricaim. Serum 
proteins: albumin, 1.4 gm. per cent; globulin, 2.1 gm. per cent; chole.sterol, 83 mg. 
per 100 c.c. Electrocardiogram, Fig. 13; i-ital capacity, Tsible III. 

Case 14. — S., a native msvn, aged forty-five years, who complained of tinnitus, 
breathlessness with fast walking, and fatigsibility, was admitted July 2, 1935. 
He stated that he fainted frequently. He had been regularly at work as a laborer 
on a farm from 7:00 a.m. until 4:30 p.xt. with one hour's rest at midday. He 
gave no history of any past illness except that at different intervals he had had 
chills which were promptly relieved by the taking of quinine. 
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Physi<^J Examination . — The man "was undeniourished and mentally and physically 
very sluggish. His weight was 119 pounds; height, 64 inches. There was marked 
pallor of the skin and mucous membranes, and the skin was wrinkled and old in 
appearance. The arteries Avere soft and compressible. The pulse wave had a 
wide excursion, rate 56 per minute and rhythmic; blood pressure was systolic 118, 
diastolic 65. The veins were large and full but the jugulars did not pulsate above 
the normal level. Heart (Fig. 14) : There were no thrills, and the sounds were 
normal. There was heard an inconstant systolic murmur when the patient was 
recumbent which disappeared when he sat up. A, and P, were equal and normal 
in quality and intensity. The thorax was markedly emphysematous in shape; yet 
expansion was equal and normal. The lungs gave to a marked degree the phenomena 
of hyperfunctional inflation. There was no edema. 

Eahoraiory Data . — Hemoglobin in grams per 100 c.c., 4.6; erythrocytes in mil- 
lions, 2.53; leucocytes in thousands, 3.8. Feces: ova, Vnein-aria americana. Serum 
proteins: albumin, 4.04 gm. per cent; globulin, 1.4 gm. per cent; cholesterol, 90 
mg. per 100 c.c. Electrocardiogram, Fig. 14 ; vital capacity, Table III. 

The patient was put on the usual treatment, and he showed progressive and rapid 
improvement. His weight increased so that on July 19 it was 133 pounds and 
on July 23 it was 1381/4 pounds without edema. The impression was that the 
patient was making rapid and satisfactory improvement, for the hemoglobin had 
increased to 6.3 gm. per 100 c.c. and the erythrocytes to 3.14 millions. The only 
significant changes noted on July 23 were that his pulse had become increasingly 
rapid and that the blood pressure had risen to systolic 140 and diastolic 112, even 
though he was confined to tlie ward and was spending most of the time recumbent 
on the bed. 

The next day it was noted that overnight he had become orthopneic, having 
developed marked signs of congestive heart failure, consisting of great distention 
of all the veins of the neck and e.xtrcmities ; moist rales were heard throughout 
both lungs; the liver edge was 5 cm. below the costal margin and distinctly tender; 
and there was pitting edema of the ankles. Examination of the heart showed the 
rate to be 128 ■svith a normal rlijAhm. The heart sounds were not unusual, and 
there was no gallop rhythm. The blood pressure was systolic 146 and diastolic 118. 
An electrocardiogram was made, and it showed no change in the QBS complex and a 
sinus tachycardia of 131 and was otheiuvise normal. It was evident that something 
had precipitated suddenly a very severe degree of heart failure of the congestive 
type. From July 24 to 29 he received intravenously six ampules of strophanthin 
and 0.5 gm. of powdered digitalis. On the night of July 25 a phlebotomy was 
done and 350 c.c. of blood were removed. On July 26 he showed much clinical 
improvement, and the phenomena of heart failure had lessened materially so that 
he could remain reasonably comfortable on a back rest. On the morning of July 29 
his clinical improvement was striking. He ate a normal breakfast, but twelve 
minutes after he finished his breakfast he died suddenly. 

Aiitopay Eeport. — Gross: The specimen consisted of a human heart and a piece 
of the lungs. The fragment of lung measured 6 cm. in length, 3 cm. in width, and 
2 cm. in tliickness. It was covered by smooth glistening pleura, and the pulmonary 
parenchyma showed but slight congestion and edema only. The heart weighed 630 
gm. The right auricle formed the right upper outer anterior border of the heart. 
The, right ventricle was moderately dilated and formed slightly more than two- 
thirds of the anterior surface. The epicardium overlying the conus presented an 
area of thickening 2.5 cm. in diameter. Elsewhere it was smooth and glistening. 
The epicardial fat was quite abundant. The myocardium was reddish brown and 
of normal consistence. Ho e\'idence of “tigering” was found. There was mod- 
erate hj’pertrophy and slight dilatation of all chambers. The dilatation was more 
pronounced in the conus portion of the right ventricle and the outflow tract of the 
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left. Tlie papillary rnuKclo-'J were (juile larf;c, hy])f‘rtropln(M.l, and ]>roii!ineii(. The 
trahcculac carneae were also large and j)Ton)inenl. The foramen ovaic was closed. 
The endocardium of the right auricle was normal. The Iricuspid ring was not 
dilated. The tricu.spid valve showed no abnormalities. Hyiantrophy of the riglit 
ventricle wa.s equally pronounced as in the left. The i>ulmonic valve showed slight 
fenestration at the edges. The pro.\imal portion of the {uilmonic trunk was incltnled 
and showed no abnornialitie.s. In the di.stal jmrtion of the outflow tract of the 
left ventricle there was slight jKitcliy .subendocardial fibrosis. The aortic valve 
showed pronounced fenestration at the edges. The mitral valve was e.ssentiaily 
normal. The endocardium of the left auricle was sliglitly fliickeiierl and opaque. 
The coronary arteries arose just below the liiglie.st level of tlie aortic commissures; 
they were quite straight and widely juitent. In (he proxinml jKirtiou of the larg<i 
branches occasional flat atheromatous plaqims, whicli measair<'d from .1 to S mm. 
in the main diameter, were found. Aleasurements: A 7, 1’ 7. M 10, T !‘d, LV If), 
EV 0.5 to O.S cm. 

Alicroscopic : Eight auricle: The itiusde fiber.s were moderately hy])ertro])hied. 
The striations of the liber.s were eon.siderably blurred, and the lijjoeliromc pigment 
was not increased. Tlie intervening .stroma was slightly edeniafoiis. Tlie section 
included the right coronary arteiy, the intima of which was slightly and iinifornily 
thiclcencd. 

Eight ventricle; Conus portion: The epicardium showed a mild sprinkling of 
round cells. At one point it was slightlj' thicker and revetiled :in increu.sed number 
of vessels surrounded by a small suuount of dense eonneefive ti.ssue, the settt of 
slight to moderate round coll infiltration. Tiie myocardium showe/l moderate hyper- 
trophy of the muscle fihor.s, sliglit fatty infiltration, and sliglit edema of the stroma 
in part, as well as several small, widely sei>aratcd foci of round cells. 

Middle of intraventricular sejitum: The cndocanliuin showisl a mild sprinkling 
of round cells. The descending branch of the left coronary artery showtsl very 
slight intimal thickening. Hypertrophy of the muscle fibers wtis not as pronouncpil. 
aCo changes of significance were found in the stroma. The striations of the fibers 
were considerably blurred and the lipochroine pigment was noi increased. 

Left ventricle: Upper portion of the interventricular septum bene.'ith septum 
lueidum: The changes in the fibers were a.s 'before. The hypertrophy was pro- 
nounced. At one point there was a .small area of replacement fibrosis, in part or 
completely, of some of the fibers, and at another area there was .slight infiltration 
of the stroma by ii small number of polymorphs and eosinophile.a. 

Apex: Lett ventricle: Tlie stroma was slightly edematous and at tme point 
showed infiltration by a few po]yniori)h.«, a few nionoiuiclears, and several cosino- 
pliile.s. The muscle fibers tvere considerably }iypertro])hied iiiul showed blurring of 
the striations but no increase of lipoehromc pigment. Tlie epicardium showed a 
mild sprinkling of round cells. 

Anterolateral wall of riglit ventricle at middle: The epicardium showed a mild 
.sprinkling of round cells. The muscle fibers were as before. In the stroma there 
were several small foci of round cell infiltration. There were also several small 
foci of replacement or interstitial fibrosis in the myocardium. 

Left auricle; There were several .sliarply defined foci of interstitial round cell 
infiltration of the myocardium, very .sliglit hypertrophy of the muscle fiber.s and 
sliglit fatty infiltration of the myocardium. The endocardium was moderately 
thickened throughout, but showed no cellular infiltration. The stroma of the myo- 
cardium was slightly edematous. 

Aorta: The intima .showed a few small areas of localized thickening. In the 
deeper portions of the media there were several small, endothelium-lined vessels 
surrounded by a small group of round cells and a few polymorphs. In the adventitia 
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there was a large area of diffuse round cell infiltration. A small number of large 
mononuclear cells were admixed with these cells. 

Lungs (two sections) : There Avas slight congestion, slight edema, slight thicken- 
ing of the Avail of some of the alveoli, and a slight to moderate nmnber of scat- 
tered “heart failure’’ cells. Some of the alveoli AA'ere collapsed, and a moderate 
number Avere slightly dilated. No significant changes Avere observed in the blood 
vessels. 

Conclusions: Cardiac hypertrophy; fibrosis of myocardium, slight; arteriosclero- 
sis of coronary arteries, slight; and chronic passive congestion of lung.* 

Case 15. — P. S., a natiA’e man, aged forty-five years, aa'Iio complained of AA’eak- 
ness and pain of tAvo j'ears’ duration located in a postoperative inguinal hernia 
scar, Avas admitted July 2, 1935. He had not worked since the operation, but fre- 
quently walked five to six miles to visit his sister. 

Physical Examination. — He Avas a fairly well-nourished man who Avas mentally 
and phj'sically sluggish. The skin and mucous membranes showed moderate pallor. 
His AA'eight Avas 132 pounds; height, 65 inches. Arteries were normal. Pulse rate 
AA'as 66 per minute and rhytlunic; blood pressure was systolic 120, diastolic 66. 





Fig. 15.— 

-Case 15. 


DATE 

HEMOGLOBIX, 
GM. PER 

100 C.C. 

CARDIO- 

THORACIC 

ratio 

PREDICTED TRANS- 
VERSE DIAMETER 
HODGES & ETSTER 

ACTUAL TRANS- 
VERSE DIAMETER 

7/2 

8/1.7 

6.0 

ll.G 

46.2% 

11.7 cm. 

12.1 cm. 

12.7 cm. 

12.7 cm. 


Ji'lectrocarclioffram: Sinus rhythm, rate 79, normal electrocardiogram. 

Veins Avere normal. Heart (Fig. 15): There Avas a systolic murmur heard in 
recumbency at the mitral area. A, and P„ AA-ere normal in quality and intensity. 
The thorax Avas slightly emphysematous in shape; yet expansion Avas equal and 
normal. The lungs gave to a slight degree the phenomena of hyperfunctional 
inflation. 

Laboratory Data . — Hemoglobin in grams per 100 c.c., 6.0; erythrocytes in mil- 
lions, 3.21; leucocytes in thousands, 6.6. Feces: o\m, Uncinaria aniericana, and 
Avhipworm. Serum proteins: albumin, 3.4 gm. per cent; globulin, 1.9 gm. per cent; 
cholesterol, 111 mg. per 100 c.c. Electrocardiogram, Fig. 15; vital capacity. Table 
III. 

“I AAUsh to acknoAAdedge my indebtedness to Dr. Alberto Rivera, a member of the 
staff of the Department of Pathologj- of the School of Tropical Medicine, for lus 
report on the pathological study of the heart, lungs and aorta of Patient 14 who 
died while under obserA^ation. 
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Case 16. — A. 3?,, :i native woman .aged forty-five yearn, wlio complained of 
vertigo, breatlile.n.sne.ss, lieadtiche, and fatigue, was jidmitled duly YXlti. Blie did 
all the domestic work for a family of eight. Hhe was tlie mother of twelve chil- 
dren born at full termj seven were then living. 

Physical examination revealed a poorly nourished, physically active wormin. The 
skin and the mucous membrane.s were pale, and the skin wa.s prematurely wrinklml 
and aged. Arteries were normal. Pulse rate wa.s 80 per minute and rhythmic; 
blood pressure was .sy.stolic L'M, diastolic .SO. Veins were normal. Heart (Pig. Hi): 
There were no thrills and the .soiind.s were normal. A, and P, were norniiil in 
quality and intensity. The vessels of the optic fundi were normal. The thorax 
was markedly craphy.sematous in shape; yet expansion wiis nonnal am) equal. The 
lungs gave to a marked degree the phenomena of hyjierfunc.tional intlation. 

Laboratory Data. — Hemoglobin in grams per 100 c-.c., -l.-l ; erythrocytes in mil- 
lions, 2.91; leucocytes in thousands, -1.1. Feces; ova, Vneinaria anunrana, Ascaru 
lumbricoidcs, and whipworm. .Serum proteins: .albumin, ~>.2 gm. per cent; globulin, 
1.2 gm. per cent; cholesterol, 77 mg. per 100 c.c. Electrocardiogram, Fig. 16; 
\-ital capacity. Table III. 





FlC. 16.- 

-Case 1C. 


HF.MOGLOI3I.V, 

CARDJO- 

PBEDICTED TBAXK- 


GM. PEK 

THORACIC 

VEIISn PIAMKTEl! 

date 

100 C.C. 

RATIO 

KODGES ft EYSTKTt 

7/3 

4.4 

5i.orc 

3 0.6 cm. 

8/15 

12.1 

5i,or«7 

11.2 cm. 


J^'lectrocardiogram: Stnu.s rhytlmi, rate 94, electrical axis, 1 


ACreAt, TI’.ANR- 
VEfiSE DIA-METEa 

l.'i.O cm. 

13.0 cm. 

eft preponderance. 


Ca.sb 17. — S. M., a native man, aged forty-cigbt years, who complained of vertigo, 
weakness, epigastric distre-s-s, stiff joints, and recurrent diarrhea, was admitted 
•Tuly 2, 1935. His symptoms were of two years’ duration but bad recently increased 
in severity. He worked as a laborer approximately half time on a sugiir cane farm. 
Physical examination showed a poorly nourished, prematurely aged man who 
was mentally and physically sluggish. The skin and mucou.s membranes were pale. 
His weight was 123 pounds; height, 66 inches. Arteries were normal. Pulse rate 
was 74 per minute and rhythmic; blood pressure was systolic IIG, diastolic 54. The 
reins were normal. Heart (Fig. 17): The first and second sounds were normal, 
and there were no murmurs. The thorax was slightly cmjihyscmatous in shape; yet 
e.xpansion was normal and equal. The lungs gave to a slight degree the phenomena 
of hyperfunctional inflation. There was slight pitting edema of tlie ankle.s. 

Laboratory Bata. — ^Hemoglobin in grams per 100 c.c., 0.5; errtliroeyfes in millions, 
2.47; leucbc\-tes in tliou.sands, 6.4. Feces; ova, Uncinaria americana, evsts of En- 
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dajneda histolytica. Serum proteins: albumin 4.1 gm. per cent; globulin^ 1.3 gm. 
per cent; cholesterol, 105 mg. per 100 c.c. Electrocardiogram, Fig. 17; vital capac- 
ity, Table IH. 

Case 18. — J. M., a native man, aged forty-nine years, who complained of pains 
in the legs, fatigue, and substernal aching induced by physical eifort, was admitted 



Fig. 17. — Case 17. 


DATE 


HEMOGLOniX, 
G.M. PER 

100 c.c. 


CARDIO- 

THORACIC 

RATIO 


PREDICTED TRANS- 
VERSE DIAMETER ACTUAL TRANS- 

HODGES & ETSTER VERSE DIAMETER 


7/2 G.O 

S/16 ll.S 

Electrocardiogram : 


49.8% 11-2 cm. 14.9 cm. 

45.0% 11<5 cm. 13.5 cm. 

Sinus rhythm, rate 75. normal electrocardiogram. 



Fig. 18. — Case 18. 


DATE 


HEMOGLOBIN, 
GM. PER 
100 C.C. 


CARDIO- predicted TRANS- 
THORACIC VERSE DIAJIETER 

RATIO HODGES & ETSTER 


ACTUAL TRANS- 
VERSE DIAMETER 


7/4.' 4.4 

8/15 11.8 

Electrocardiogram: 


56.8% 10.8 cm. 14.5 cm. 

56.8% V 10.9 cm. 14.5 cm. 

Sinus rhythm, rate 85, electrical axis, left preponderance. 


July 4, 3935. The significance of the subjective complaints can be judged by the 
fact that he worked regularly ten hours a day as a laborer on a sugar cane farm. 

Physical Pxaminatian . — Tlie patient was an undernourished prematurely aged 
man whose mental and physical reactions were sluggish. There was marked pallor 
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of tlio skin niid imicoiis inoinhranpf.. His u-ciplit was !»i) ])Oun(ls; licifilit, (50 inclina. 
Arteries were normal. The pulse wave had a wide exc.uision, rate 70 per ruinate 
and rhythmic; blood irressure was syslolie 320, rliastolic, (15. The veins were large, 
but the jugulars did not pulsate above the normal level. Heart (Fig. .18): Tliere 
was a loud .systolic murmur heard at (he mitral ar<‘a, not influenced by posture, 
which murmur was tnnisrnitted toward (he left axilla. A. and P, were normal. 
The vessels of the optic fundi were normal. The Ihorsix was markedly emphysoirmtous 
in shape; yet expansion was eijual and normal. The lungs gave to a marked d(“gree 
the phcnomeiiii of hyperfunetional inflation. 

Lahomtorij JJntn . — Henioglolrin in grains per 100 e,e., AA; erythrocytes in mil- 
lions, 2..8; leucocytes in thousands, 7..0. F(‘c<*s: ova, Uiicinaria (unf'ficniut. .Serum 

proteins: albumin, 2.4 gm. per cent; globulin, 2.-1 pn. per cent; cholesterol, 7fl mg. 
per 100 e.c. Electrocardiogram. Fig. IS; vital capacity, Tabic III. 

SHH^rARV or OaSEItVA'l IOX.S 

Pnhc lidle (Table I). — Pafienl.s 1 atid 2, aged .si.x and oighl yeans, 
were heavily infested with the Xccalor fniu ricainis jrara.cites which pro- 
duced an extreme anemia in a comjiaratively brief iieriod. 7'hc average 
resting pulse rate in each of tbe.se children was 127 atid 120, iTspcctivcly, 
per minute. This rate fell gradually, reaching an average of 102 p(>r 
minute when the hemoglobin increa.scd to 5 gm. per 100 c.c. and linally 
reaehing a normal rate when the hemoglobin reached a level of 12 gm. 
per 100 c.c. Patients 3 and 4, aged ten and fifteen yoai-s. bad moderate 
taebyeardia, 110 and 104 per minute., respectively, before treatment wa.s 
begun. With lbc.se except ion.s, one is impressed with the remarkably 
slow pulse rates in spite of the degree of anemia. The average resting 
pulse rate before treatment was 73 per minute, and at the eonelnsion of 
the period of observation it was G7 per minnie. 

Venous Pressure (Table I). — ^^Yiibont an exception the venous pre.s- 
surcs wei’e noi’mal, and there was no significant change in the height of 
the pres.snres at the beginning and at the conclusion of the period of 
observation. This is in confirmation of the clinical observations, for, 
tboiigli the superficial veins appeared full and in many in.stances ab- 
normally great in size, they did not pulsate at abnormal levels nor fail 
to empty wdien brought to the level of the right auricle. 

Arieruil Blood Pressure (Table I). — The systolic and diastolic blood 
pressures were all low' nonnals before treatment was started. The lowest 
systolic pre.ssure w'as 95 mm. ITg, and the highest .sy.stolic ])re,ssuro was 
130 mm. Hg. The knvest diastolic pre.ssnre was 45 mm. Hg, and the 
highest diastolic pj’e.ssiire was 80 Jinn. Ug. There was a rise of the 
systolic blood pre.ssure varying from 11 to 41 mm. in six subjects. The 
diastolic blood pressure increased more than 5 mm. in eleven and in- 
creased 5 mm. or less in five. The most significant change in the blood 
pressure occurred in Case 14, with a rise of the systolic pressure from 
118 to 146 and the diastolic pressure from 65 to 118 mm., and in Case 16, 
with a rise of the sy.stolic pi’e.s.sure from 130 to 165 and the diastolic 
pre.ssure from 80 to 105 mm. 
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GirmilaUon Tims (Table I).— Cases 1 and 2 were not recorded. Tlie 
other sixteen patients were first studied after resting in bed in the hos- 
pital for periods varjdng from twenty-fonr to thirty-six hours. Each 
recorded rate of circulation time represents the average result obtained 
from two or more observations after the effective dose for each patient 
had been previously determined. The arm-to-earotid reaction time of 
cyanide in normal sub.leets recorded by previous observers^ varied from 
9 to 21 sec., the average time being 15.6 sec. The crude pulmonaiy reac- 
tion time in normal subjects averaged 10.6 sec., ranging from 7 to 14 
sec. In this study the arm-to-carotid reaction time varied from 10 to 
22 sec., the average time being 16.2 sec., and the crude pulmonary reac- 
tion time varied from 6 to 15 sec., the average being 10.3 sec. At the 
completion of the period of observation, when the hemoglobin had in- 
creased from an average of 4.6 gm. per 100 c.c. to 10.8 gm. per 100 c.c., 
the arm-to-carotid reaction time varied from 14.2 see. to 20 see., the 
average being 17.4 .see.; and the crude pulmonary reaction time varied 
from 9 to 15.4 sec., the average being 12.2 see. 

The optimal dose of cyanide per kilogram of body weight recorded by 
previous observers- for normal subjects, arm-to-carotid route, varied 
from 0.07 to 0.19 mg., tlie average being 0.11 mg. Tlie same observers 
noted that a dose sufficient to produce an abrupt, definite stimulation of 
respiration was constant in its effect and time of reaction. In this study 
the dose was increased until the reaction was definite, and tlie time of 
reaction constant and within the limits of not more than one second 
variation. In this group of subjects the optimal dose of cyanide, arm-to- 
carotid route, varied from 0.084 to 0.224 mg., the average being 0.144 mg. 
per Idlogram. If one omits from the calculations of the average Cases 3 
and 7, the figure for the optimal dose of cyanide is 0.151 mg. per kilo- 
gram. This omission is desirable to gain a true picture of the situation 
in chronic anemia because of the age of the patient in Case 3 and the 
rapid development of aneinia in the patient in Case 7, resulting from 
extreme food deficiency. 

Reaction to Exercise (Table II). — The reaction of the rate of blood 
flow, arterial blood pressure, and pulse rate to exercise was tested in 
flfteen patients after they had improved sufficiently for them to submit 
■willingly to active physical effort and when the hemoglobin was at an 
average level of 7.1 gm. per 100 c.c. of blood. The exercise consisted of 
waUdng thirty feet on the level and then dovm and up twenty-six steps 
and back to the starting point. The pace was standardized by a trained 
assistant who set the speed at an average waUdng gait. The significant 
fact brought out by this observation is that exercise definitely increases 
the rate of blood flow, the systolic blood pressure, and the pulse rate. 
The average increase in rate of blood flow was 5.1 sec., or 31 per cent for 
the systolic blood pressure, 12 mm. Hg ; and for the pulse rate, 23 beats 
per minute. 
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Pulmonary Apparafua . — ^In the case repoTts it is noted that the 
thoraces were emphysematous in shape and that the kings presented the 
phenomena of compensatory inflation in varying degrees in all of the 
subjects. These were very striking pliy.sical findings and were simiiar 
in character to the tlioracic shape noted in true eniphy.scma; yet the 
breath sounds Avere idenlical in character with tliosc oliserved over the 
normal lung in unilateral pneumonia or pleural effusion. The descj-ip- 
tive term “phenomena of compen.satory hyperventilation” accurately 
designates the true significance of the.se phenomena. The physical find- 
ings are of peculiar intere.st, for they ai'c similar in character to those 
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noted by Barcroft® in the Cholos living at high altitudes in the Andes 
i\rouutains. where oxygen tension of the atmosphere is markedly lowered. 
He emphasizes the fact that the chests of those natives are large and 
deep and markedly emphysematous in appearance. He compares the 
chest width of the natives with the members of his expedition by divid- 
ing the mean chest measurements in centimeters of x-ray films of the 
thorax by the height of the body in centimeters, and by multipljdng the 
resulting figui’e by 100. The percentage ratio for the members of the 
expedition was 15 cm. and for the natives, 16.7 cm. A similar ratio 
calculated for this group of patients shows the average percentage to be 
17.4 cm. (Table III). 

Bareroft® and his associates did not estimate the ^^tal lung capacity of 
the Cholo natives; yet he concluded, “That a greater quantity of air 
ventilates the lung at high altitudes than at low ones seems to be beyond 
doubt.” In this study spirometer estimations of vital capacity were 
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made routinely on all patients except in Gases 1 and 2. In calculating 
tlie normal vital capacity tlie expired air volume of 2,376 c.c. per square 
meter of body surface^ was used, and the same value was chosen for both 
male and female subjects for the reason that the native Puerto Rican 
woman engages in a considerable amount of physical labor. In every 
instance the vital lung capacity (Table III) was greater than the calcu- 
lated normal, witli the exception of Cases 6 and 14. In Case 6 the pro- 
cedure invarialily caused in tlie patient an emotional disturbance ; while 
in Case 14 the patient had an extreme degree of cardiac hypertrophy 
(630 gm.), which meelianicaUy lessened vital capacity. 

Table 111 


Vital Luxg Capacities and Chest-Height Percextage Ratios 


case 

VITAL C^' 

PKEDICTED 

(C.C.) 

OPACITY 

OBSERVED 

(C.C.) 

1 

HEIGHT 

(CM.) 

i 

CHEST 

(CM.) 

1 

MEAX CHEST MEAS- 
UREMEXTS FROM 

X-RAY FILMS PER 

100 CJt. OP 
HEIGHT 




■iliSHi 

19.5 

17.77 





23.8 

19.04 





28.5 

17.01 

6 

3,231 

3,120 

157.5 

24.2 

15.36 

7 

3,611 

3,950 

166.3 

26.3 

15.81 

S 

3,445 

4,750 

160.0 

28.0 

17.50 

9 

2,620 

2,740 

145.0 

24.0 

16.55 

10 

2,970 

3,750 

142.5 

26.0 

18.24 

11 

3,112 

3,550 

142.5 

26.0 

18.24 

12 

4,086 

5,100 

167.5 

31.8 

18.98 

la 

3,183 

3,900 

152.5 

26.2 

17.18 

14 

3,706 

3,400 

160.0 

28.3 

17.68 

15 

3,944 

4,400 

162.5 

27.5 

16.92 

l(j 

2,580 

2,650 

147.5 

25.3 

17.15 

17 

3,872 

4,150 

1 65.0 

30.0 

18.18 

18 

3,256 

3,460 

150.0 

25.5 

17.00 

Average 3,219 

3,625 

151.3 

26.1 

17.41 


Heart Size . — Tlie size and the contour of the heart were determined 
with the aid of teleroentgenograms taken with the subject in the erect 
position. Two or more studies were made on each patient. Each figure 
is composed of the first and the la.st teleroentgenograms, the latter being 
superimposed on the first and being indicated b.y the dotted line. As 
some degree of accuracy is sacrificed by the adoption of this technic for 
illustrative purposes, each figure is accompanied by the actual measure- 
ments of the original. 

In estimating the size of the heart, the transverse diameter of the 
cardiac silhouette has been calculated by both Danzer’s cardiothoracic 
ratio,® and the prediction formula of Hodges and Eyster.® 

That the cardiothoracic ratio could not be used with customary con- 
fidence because of the increase of the transverse thoracic diameter exist- 
ing in these subjects became apparent at the beginning of the study; 
yet the measurements show that 10, or 55.5 per cent, had ratios of 50 per 
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cent or more. Of tlie eiglit Rnb.icels Imving a eardiotlioi-acic ratio of less 
than 50 per cent, six showed a reduction of tlie ratio, indicating that the 
heart had become smaller and confirming the unreliability of this method 
of estimating normal lieart size. 

Hodges and Eystcr® concluded that the chances are three to one favor- 
ing pathological increase in heart size when the transverse diameter is 
wider than the predicted diameter by more than 0.5 cm. Bainton’” has 
recently evaluated the prediction formula of Hodges and Kyster® and 
concluded that an increase of the transverse dimneter of more than 1 cm. 
than the predicted normal indicated n7i enlarged heart. 

In three of the paticnl.s (Ca.scs 1, 2, and 3) the formula was not ap- 
plicable because of the age and .size of the patients, but in each of llie.se 
the eardiothoracic ratio was so great — 51.3 per cent, 54 per cent, and 
58.8 per cent, respectively — that there can be no que.stion of the exist- 
cnee of cardiac enlargement. In tlm remaining fifteen patients the trans- 
verse diameter was more than 1 cm. greater than the pi'cdicted normal 
in 100 per cent, with an average increase of 2.G cm. 

At the completion of tlie period of ob.scrvation the transvoj’so diameter 
remained larger by an average of 1.(5 cm. than the predicted normal in 
8 patients, larger by 0.5 cm. to 1 cm. in 5, and unchanged in 5. Included 
in the unchajiged group is Case 3 with a cjirdiothoracic ratio of 51.3 per 
cent, with the result that a total of nine eases remain with hearts 
significantly greater in size than the predicted normal. 

EUctrocardiogrenm .^ — There occurred significant changes in the clcc- 
trocardiogi’am in seven patients, or 38.8 per cent. In Case 3 (Fig. 3) 
there was an inverted P, and a sharply inverted T,. The electrocardio- 
gram remained unchanged ; jicvertheless the anemia was promptly re- 
lieved, and general clinical improvement was strikiiig. The hcai't also 
remained unchanged in size which condition is contraiy to the u.sual re- 
action noted in the other childi’cn .studied. Tlie probability of the exi.st- 
ence of a congenital factor appeai-s to be the most likely explanation for 
the persi.stence of the observed depailuix* from the normal. 

The patient in Case 6 (Fig. G) had a prolonged P-F interval, 0.21 sec., 
and an inverted and T^; “dropped’' beats wei’e clinically observed 
but were not recorded graphically. Through omission the electrocardio- 
gram was not repeated, but the degree of heai’t-block le.ssened, for 
“dropped” beats were not noted clinically after the third day in the 
hospital. An unexplained fever of three days’ duration was probably 
connected with the occurrence of heart muscle changes which temporar- 
Uj' impaii-ed aurieuloventrieular conduction. 

The patient in Case 7 (Fig. 7) showed an electrical axis indicating a 
right ventricular preponderance. There were no demonstrable puhnonic 
or cardiac lesions which might explain the electrocardiographic changes. 


nr. '^JpyHocardiogram t-akt-n is used in the illustratio 

occurreu with clinical improvement except reduction in heart rate. 


no changes 
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The patients in Cases 5 (Fig. 5), 14 (Fig. 14), 16 (Fig. 16) and 18 
(Fig. 18) showed electrical axes indicating left ventricular j)reponder- 
ance. These patients liad an average increase in heart size of 3.8 cm. 
above tlie predicted normal, and in only one ease— Case 5— was there a 
reduction in size following the relief of the anemia and clinical symp- 
toms of liookworm disease. 

DISCUSSION 

"Wlien reserve mechanisms are required to meet average metabolic 
needs, the perfection of pliysiological integrity is immediately com- 
promised. Compensation is never perfect, but it most nearly approxi- 
mates perfection Avhen the Avhole organism distributes evenly the burden 
of adjustment so that no one structure is more vulnerable than another. 

An analysis of the data collected during tliis study shows that the 
ability of individuals liaving chronic parasitic anemia to accomplish a 
surprising' amount of physical work Avilh reasonable comfort and effi- 
cieney’ is due to many adjustmenl mechanisms Avidely distributed OA^er 
those .structures concerned Avith internal and external respiration. 

There Avas an aAmrage increase of 12.7 per cent in the vital lung ca- 
pacity AA^iich made possible efficient and adequate external respiration 
AAuth a minimum range of resjiiratory effort and energy requirement. A 
greater amount of sodium c.yanide aatis required to stimulate respiration 
than is necessary for normal individuals. This may be interpreted as in- 
dicating that the metabolic stimulants of respiration must accumulate in 
the blood of these individuals in higher concentration before there re- 
sults an acceleration of and an increased depth in breathing. This les- 
sened. sensitiAuty of the central control of respiration operating in con- 
junction Avith an increased Amntilating capacity of the lungs represents 
an especially useful integration of compensatory developments. 

. The velocity of blood floAv in these patients aa^s not increased AAdien ob- 
servations AAmre done under conditions of rest. This is at variance Avith 
the findings of Fahr and Konzone,” for they concluded that an increased 
rate of blood floAV Avas the outstanding compensatory mechanism in 
severe anemias. It is to be appreciated that an increase in the velocity 
of blood fioAv is only one of the mechanisms available for augmenting 
the volume of circulating blood to a given area. The opening up of ad- 
ditional capillaries, AAdiich increases the effective cross-section of the 
vascular tubing, is an even more usual mechanism and one Avhich is con- 
stantly recurring in the normal person to meet increased local demands 
for blood. It is brought into operation by chemical stimuli locally 
formed as a result of changes in local metabolism, the stimulus arising 
from the physiological need for more oxygen either AAdien metabolism is 
increased or AAdien oxygen .AAmnt occurs. The eAudence points to the con- 
clusion that, under conditions of rest, the greater blood volume to the 
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vital areas iiceessitatcd by tbc reduced oxvfren-carryiufr capacity of the 
blood was in part accomplished in these patients by an increase in the 
number of functioning capillaries rather than an increase in the velocity 
of blood flow. 

■When they wore exercised, the mechanisms operating in relatively 
acute anemias became active in meeting tin' increased demands of in- 
ternal respiration. Tliere was an average inci-easc of 31 per e(;nt in the 
rate of blood flow from the basilic vein to the carotid sinxis. There wa.s 
an average increase of the systolic blood pressure of 12 mm. llg, without 
a coi-respondinc increa.<-e in the diastolic blood ))re.ssure. indicating an 
augmented .stroke volume which, in conjunction with an average increa.se 
in the pulse rate of 23 per minute, contributed jointly with the accele- 
rated blood velocity toward bringing about a great, increase in eij'culat- 
ing blood volume. The fact that the diastolic blood pre.s.snres were rela- 
tively low and remained so after exercise indicates that the ai'lerioles 
were dilated, and this explains tin* va.seular mechanism which operated 
in .supplying the neee.ssmn' blood volume to the increased numbe-r of 
f un et i on i n g ea p il 1 a r i es . 

The degree of ])allor of the .skin and mucous membranes occurring in 
hookworm anemia is too marked to be accounted for by the j-eduetlon in 
hemoglobin. It sugge.sts that there is a reduction of the number of open 
capillaries in the sui-face areas, and a eon.sefpient .shunting of the blood 
to the vascular beds of the internal structures. The observations of 
.Stewart,’* who .showed that the i)eripheral volume flow was diminished, 
and of Fahr and Tionzone,” who showed that there was a lessening in 
caliber of the skin capillaries in severe anemias, lend support to tiie con- 
cept of a selective distidbution of blood as aiding these individuaks in 
solving their metabolic requirement.s for oxygen in the vital areas. 

It was observed that the quantity of sodium cyanide per kilogram of 
body weight effective in producing respiratory stimulation was inci’eased 
from the normal average of 0.111 mg. to 0.151 mg. {Ca.se.s 3 and 7 not 
included for obvious I'casons). One may conclude from this evidence 
that in chronic anemia the tissues of the carotid sinus develop increased 
tolerance to the oxygen want caused by sodium cyanide. If this be true 
for the highly specialized centers of respiratory control, it is more than 
probable that less specialized ti.ssues throughout the body are even more 
completely acclimatized to reduced oxygen .supply. 

The outstanding anatomical change occurring in parasitic anemia is 
cardiac enlargement. In this studj’^ there w'as found an increase in heart 
size in 100 per cent of the patienl.s. The data indicate that the change 
in heart size was, in a few patients, due to reducible dilatation, in others 
to dilatation and hj-peilrophy, and in a third group to definite hj-per- 
trophy unassoeiated with reducible dilatation. 
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Tlie earliest observations on the heart in anemia deal with cases of 
chlorotic anemia. Irvine"^ (1877) and Barrs^'^ (1891) describe the oe- 
cnrrenee of bruits in clilorotie individuals which were attributed to 
cardiac dilatation. Hersmaid® (1893) described murmurs which disap- 
peared with a cure of the anemia, and Gautier^'^ (1899) recorded his ob- 
servations in 22 cases of chlorosis and found by percussion cardiac en- 
largement in 20. Cabot and Eiehard.son^” (1919) found cardiac hyper- 
tropliy in patients d;\dng of pernicious anemia, in whom no other factor 
existed to account for the enlargement. 

Goldstein and Boas^® (1927) noted the occurrence of a functional 
dia.stolie murmur and cardiac enlargement in severe anemia. They con- 
clude that cardiac dilatation as well as h^’^pertrophy occurs not only in 
pei’iiicious anemia,' but also in severe secondary anemia. 

BalP° (1931) was apparently the first to record a ease of severe anemia 
studied .with the aid of a teleroentgenogram, recording a reduction in 
heart size Avith the relief of anemia. Recently Bouchut and Froment-® 
haA’C em])ha sized the occurrence of cardiac hypertrophy in pernicious 
anemia. They attribute the changes to an increase in heart work re- 
sulting from the increase in the amount of blood passing through the 
heart per minute. They conclude that the primary compensating mech- 
anism is cardiac dilatation but that hypertrophy supervenes if the 
anemia is of sufficient duration and severity. 

Lunde and Schueller^^ (1910) produced cardiac enlargement in dogs 
by rendering the animals anemic, and Forman and Daniels^^ (1930), 
while studymg the effect of certain foods on anemia in rats, observed 
that the hearts of those having Ioav hemoglobin values Avere considerably 
larger than the hearts of normal animals. The heart Aveights of animals 
Avith hemoglobin values from 11 gm. to 14 gm. per 100 c.e. of blood AA^ere 
normal. When the hemoglobin values fell to 10 gm., the hearts Avere 
slightly hypertrophied; this became more marked as the degree of 
anemia increased. At the very Ioav hemoglobin leA^els, from 2 gm. to 3 
gm. per 100 c.c., the heart AA^eights averaged approximately three times 
those of normal animals. 

It is evident, therefore, that cardiac enlargement, dilatation, and even- 
tually hjTiertrophy occur in animals in AAfiiich anemia has been produced, 
and in human beings AAuth Amrious clinical t;v'pes of anemia. In this 
study of parasitic anemia, one is impressed AAuth the fact that changes in 
the heart, dilatation, and finally hjTiertrophy, are of great clinical im- 
portance in evaluating the effects of hookAvorm infestation on man. The 
primary cardiac dilatation may be classed as a physiological adjustment 
mechanism AAfiiich disappears Avhen the anemia is relieA^ed; yet, if those 
factors Avhich have necessitated the dilatation continue, there occurs 
hypertrophy of the myocardium AA^hich is not reducible and is definitely 
pathological in character. Since cardiac hypertrophy is rightly placed 
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hi the category of organic licart disease, one is justified in classing 
chronic parasitic anemia as one of the important etiological factors in 
the eansation of this condition. 

CONCr.USION.S 

T. In chronic hookworm anemia the following ]>hy.siological adjust - 
7nents occur: 

a. An augmented vital lung capacity. 

b. A diminished sensitivity of the central control of respij-ation to 
chemical stimuli. 

c. An increased tolerance of the tissue cells to oxygen want. 

d. Under conditions of j’csl no increased velocity of blood flow con- 
tributed significantly to the circulatory eompen.sation for a reduced 
oxygen-eari’ying capacity of the blood. 

e. There was indirect evidence that the demand for a greater cir- 
culating blood volume in the vital areas was met by a i-educlion in the 
volume of the peripheral blood flow with a coi'rcspondijig selective 
.shunting of blood to an inei'cased number of fnnetioning capillaries in 
the internal structures. 

II. An irreducible result of prolonged hookworm anemia is cardiac 
liypertrophy. The heart of one i)alient who died while under olrserva- 
tion weighed G30 gm. 

I wish to fi(.'kiiowlc'(l:;c iny iii'lcl>to<liic.“s to tlie itircctor, Dr. Gcorgo W. Baeliiiian, 
and tlie staff of tlic .Seliool of Tropical Alcdiciiie, San .hian, Puerto Itico; and to 
Dr. Kainoii Suarez and tlie stuff of tiic Ilosjiital Miiniya, .'^anturcc;, Puerto Pico, 
for their cooperation tind assistance in this study. Witliout tlieir continuecl inter(‘st 
tlie completion of tiie project would not have been jmssiljle. 
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ACUTE PERNICIOUS FORM OP BERIBERI AND ITS 
TREATMENT BY INTRAVENOUS ATBITNISTRATION 
OF VITAMIN Bj 

With Espkcial Rkfkkkncjc to Ei>:cTROCAnnioGKAi*Hic Changics* 

IIinoTosHi Habhimoto, M.D. 

Tokyo, Japax 

A ccording to Aalsmeer and AVenckebadil there exist, a gi-onp of 
k heart 7nii.sc]e distiu’banees •with some eharaetci-isties common to 
them, occurring in deficiency diseases, such as beriberi and rielccts, or 
in metabolic distni'banees with deei'eased intenial secretions, svich as 
myxedema. Recently ‘Walker* lias demonsti'ated that a cardiac enlarge- 
ment in myxedema is readily amenable to thyroid administration. 
Wenckebach pointed out tliat Moll, in Vienna, liad ob.served in the 
rachitic heart a .similar thei-apeutie elTect Avitb vigantol. Among the 
above cardiac diseases the beriberi heart appears to be the one which 
has been most extensively studied. However, there still remain some 
questions not adequately answered, particularly on the rnechani.sm of 
the cardiac failure. 

In beriberi thej’e is cardiac enlargement with dilatatimi and hyper- 
trophy, predominantly of the right side of the Iieart, in the absence of 
any remarkable hi.stopathological changes in the myocardium. Digitalis 
and other usual cardiac remedies have but little effect ui)on the beriberi 
heart, while it responds very promptly to vitamin B. Furthermore, it 
has been .supposed bj' Aalsmeer and Wenckebach’ that even in the wonsl 
condition of failure the beriberi heart gives a perfectly noi’inal electro- 
cardiogram, Avhicli is .suggestive of retained normal excitability and 
stimulus conduction in the absence of satisfactory contractility of the 
heart muscle. 

Various hypotheses have been advanced to explain the mechanism of 
such a peculiar cardiac failure. Pai’alysis of the vagus nerve or of 
the respiratory muscles has been supposed to be responsible for this 
by various authors. After the vitamin tbeoiy had been established in 
an etiological .studj^ of beriberi, there came out another hypothe.sis, that 
a deficiency of vitamin B leads to a certain metabolic disturbance with 
resulting acidosis or water retention in tissues, which affects the car- 
diac muscle. 

The water retention hypothesis, proposed by Aalsmeer and Wencke- 
baeh,’^ seems to be the juost popular one, accepted and supported ])y 
others in recent years. Their o])inion that the principal nature of the 
myocardial affection in beriberi might be water retention in muscle 

•Prom the St. Luke's International Ho.spltal, Tokyo. 
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cells, was mainly based upon eleetrocardiograpliic findings in beriberi 
of Aalsiiieer and experimental data of de Boer, wliicli bad sho^^^l that 
the swelling of the heart muscle, caused by the water, reduces mechan- 
ically the. contractile ])ower of the muscle fibers, but at the same time 
the electrocardiogram may continue completely unchanged. 

Aalsmeer and Wenckebach, therefore, contended that electrocardio- 
grams of patients with berilieri were perfectly normal, except that the 
P-Q interval was .shortened in some eases. There was no change in QES 
complexes, except for right ventricular preponderance. The T-waves 
were perfectly normal. Scott and Herrmann,-" from their study on pa- 
tients with beriberi in Louisiana, reported that in their electrocardio- 
grams there were small complexes, negative T-waves in Leads I and 
HI, and some slurring or slight aberrations in the ventricular complexes, 
which tliey intcrpi-eted as evidences of definite myocardial changes. 
Keefer,^ who had studied fifteen cases of beriberi with cardiac insuffi- 
ciency in China, stated that in them there were no characteristic changes 
in their electrocardiograms, but there were some evidences of myocardial 
changes in a few. Tlie rate was usually increased. Arrliythmia was not 
observed, except in one patient who had extrasystoles and bradycardia 
during convalescence. Right ventricular preponderance was present in 
two eases. Tlie height of the ventricular complexes was low in four 
patients. In these patients, tlie voltage became higher during con- 
valescence. In others, the waves which wei-e high during the acute 
stage of the disease became lower as they improved. In three patients 
the P-R interval decreased during convalescence, and in one patient it 
increased. In five cases the T-waves were negative in Lead III. In one 
of these they became positive during the convalescence, and in two, posi- 
tive waves became negative. In some cases during the acute stage, the 
T-waves in Lead II were high and became lower during recovery. 

My personal experience in electrocardiographic examinations on Japa- 
nese patients with beriberi in past years agrees fairly well with the 
above statement of Keefer. Accelerated rates, some deviation of elec- 
tric axis, and low or high voltages of auricular or ventricular complexes 
were often demonstrated. No other electrocardiographic changes, how- 
ever, were found, even when there were considerable enlargement of the 
heart, loud abnormal murmurs, enlargement of the liver, and other 
clinical evidences of cardiac failure. When the administration of vita- 
min B and other forms of medical treatment resulted in amelioration 
of the cardiac condition, these electrocardiographic changes usually dis- 
appeared during the convalescence. This fact may indicate that there 
must have been some myocardial changes amenable to treatment. .Scott 
and Herrmann" noticed negative T-waves in Lead I. Inverted T-waves 
in Lead I or in Leads I and II Avill have to be accepted as evidence 
of more advanced myocardial involvement than above mentioned 
changes. Reeently I encountered a ease of acute pernicious beriberi 
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from whicli electrocardiograms wilh Jiegative T-waves in TiOad I wei’e 
obtained. Patients abruptly .seized with acute periiicious beiabei-i ai-e 
usually very ill and have diftieulty in getting access to beai-t .specialists 
v’ho would examine them by use of eleetrocardiogra])hic ajjpai’atus. 
Therefore, it may be worth while to pre.seni a I’oport of this case. >At 


the same time I wi.sh to describe, how promptly the acute cardiac, fail- 
ure re.sponds to the intravenous administration of pure vitamin B,. 
Aalsmecr, Keefer, and some others have already demonstrated that anti- 
beriberi diet, supidemented with yeast, rice bran extracts, and other 
remedies containing vitamin B, has a remarkable effect upon the beri- 
beri heart, with a i-esulting imjjroveineiit. of the eai’diac condition along 
Avith a cpuck reduction in size of the heart. Tn cases of acute ])ernicious 
beriberi, however, patients usually are not. able to take anything by 
mouth, because of persistent nausea and vomiting, lilven when any 
i-emedies are given by mouth Avithout A'omiting, tlie })atient.s may often 
die before any therapeutic effect is obtained from the.se. 

Shimazono® Avas the first in Japan Avho administered large doses of 
pui’ified rice bran exli-acts subeutaiieou.sly or inti-avenously to patients 
for the treatment of acute and subacute peiTiicious cardiac form of 
beriberi, Avith suecc.ssful results. Along AA'ilh vitamin B he also used 
strjmhnine for intravenous infections to ameliorate the vasomotor fail- 
ure, fust as Aalsmecr Avas doing. By the nboA'e medication he was able 
to saA'e eleven of fifteen patients from tiie death Avhich had generally 
been supposed to be inevitable in such cases. Local iri'itation and fever 
oceun’ing after .subcutaneous infections and an abrupt deei'case in blood 
pressure folloAving intravenous infections of so-called raAv oryzanin 
AA'cre the untoAvard reactions he often observed. 


After Jan.sen and Donath had obtained eiwstals of vitamiii B, the 
pure substance Avas clinically used by Cohen and Asir in 1932 for the 
treatment of beriberi. In 1933 Shimazono^ demon.strated that cry.stal.s 
of oryzanin, vitamin Bj, administered intraA'cnously, exert an excellent 
therapeutic effect upon the acute pei'iiicious cai'diae form of beriberi,^ 
When 1 mg. of oryzanin ciystals of Suzuki and Otake Avas infected in 
three diA’ided doses, precordial distre.ss, dyspnea, and nausea subsided in 
tAvo or three hours, and the ])atient appeared eomfortalJe on the fol- 
loAving day, A\'ith normal pulse rate and re.spiration, HoA\-ever, the de- 
crease in the size of the heart and the improvement of jjaralysis of ex- 
tremities required further treatment AA’ith oi-al administration of the 
Autamin. There Avas no abrupt decrease in blood pre.ssure immediately 
folloAving the intravenous infection of the substance. Recently KagaAva 


*At the meetinK for the study of beriberi held on Xov. 21, 193G. at the Tokyo 
Imperial University, Kagawa stated that, under the supervision of Sliiinazono. the 
therapeutic effect upon the beriberi of cry.stals of vitamin B* was .studied in 20 c,ases. 
Ana in 3 of them there were symptom.s of acute pernicious c.ardlac form of beriberi. 

™‘‘Ogram of cp'stals of vitamin B* was intravenousiy injected In three divided 
lontna other-s from 1 to 3 nip:, of the .substance were in- 

them recovered, responding very promptly to the In- 
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and Kato,' in their study on exiierimental hninan Bi-ayitaminosis, have 
observed that 0.5 mg. of the above substance, intravenously injected 
twice a day, was sufficient for a jirompt amelioration of cardiac sjunp- 
toms. In the case of acute pernicious cardiac form of beriberi to be pre- 
sented in this paper, similar doses of tiie same substance now available 
for practical clinical purposes were given to the patient by repeated 
intravenous injections. 


REl’ORT OF CA.SE 

History . — Japanese hoy, aged fifleen years, liad had to work Iiard as an ap- 
prentice to a plasterer during the summer and until tlie beginning of September, 
when he began to notice excessive fatigue and i)are.«the.sia of the legs. On Oct. 10, 
19.36, complaining of unusually severe la.'^situde and slight swelling of his face, he 



Piff. 1. — Roentg:enog:rani taken rluring^ the acute stage of acute pernicious beriberi, 
on Oct. 14, 1936, previous to administration of vitamin B. Note tl\e enlargement of 
the cardiac shadow to the right and to the left, and also in the regions of the pul- 
monary arteiw and the superior vena cava. 

consulted a local phy.sician, who told him that he had beriberi. On October 11 he 
began to have nausea and vomiting but did not receive any proper medical treat- 
ment. On Oct. 14, 1930, he had severe palpitation, shortness of breath and pre- 
cordial distress even at rest, and was brought to the St. Luke ’s Hospital on a 
stretcher. The patient had been perfectly well prior to the onset of the present 
illness. 

Examination . — On admission the patient, fairly well developed and fairly well 
nourished, appeared to be A-ery ill, in the state of jactitation Avith dyspnea and pre- 
cordial distress. There was no fever, and his sensorium was clear. The tem- 
perature Avas 35.6° C., the pulse rate 140, and the respiratory rate 40 per minute. 
There Avas slight edema of the face and legs, and definite cyanosis Avas visible on 
mouth, lips, and fingers. The pupils were round and regular, Avith a fair response 
to light. Vision and hearing Avere not impaired. The neck aaus not rigid. Jugular 
A'eins were engorged. On examining the chest, the cardiac impulse Avas pounding and 
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diffuse in all intercostal spaces of the precordinl area, wliere a systolic thrill was 
palpable. The area of percussion dullne.«s indicafed that thn heart was much en- 
larged, the border extending about 5 cm. to the right and about 31 crn. to the left of 
the niidsternuni. The maximum diameter of the thorax was 22 cm, A loud systolic 
murmur was audible in the whole prccordial area, loudest in the left third and fourth 
intercostal spaces close to the left border of the steniurn. There was neither diastolic 
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there was severe dyspnea. Tlio average value for ^’ital capacity was 49 per cent 
below the normal value. In the abdomen the liver was not palpable, and there was 
no evidence of ascites. The knee and ankle jerks were absent. There was no dis- 
tinct In'pesthesia. The urine contained only a trace of albumin, and there were 
no casts. The value for hemoglobin was S2 per cent, and the erythrocjfes numbered 



Fig. 3 . — Electrocardiogram obtained during the convalescence frojn acute pernicious 
beriberi, on Oct. 1C. 193G, the patient having received intravenous injections of vitamin 
B. Note positive T-waves in Lead I. 

4,510,000 and leucocytes, 7,500 per cubic millimeter. There was no shifting of the 
hemogram to the left. In the roentgenogram (Pig. 1) the cardiac silhouette was 
enlarged to the right and to the left. An enlargement of the shadow was also visible 
in the region of the pulmonary artery and the superior vena cava. The lungs were 
clear. The electrocardiogram (Pig. 2) showed an accelerated but regular rate of 
110, preponderance of the right ventricle, and T-wave negativity in Lead I. 
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Cottrse of Illness.— The trouinienl consisted oC rest in bod nnd Hie intravcncus 
adrainistratiou of purified vitiuuin H, and slrychiiino, following Hie incHiod proposed 
b}- Bliiniazono^. o for Hie treatment of Hic acute iiernieious form of berilieri. No 
other usual cardiac remedies such as digitalis, strophantliin, camphor, or calTeine 
were used. Within fifteen minutes after 2 c.c, of 0.1 jior cent solution of strych- 
nine nitrate had been injected intravenously, the patient ajipeared us if much re- 
lieved of dyspnea, with a resulting deercase of cyanosis. 'J'lien 1 c.c. of oryzanin 
fortior deceniple.v, Sankyo, was injected into the vein. One cubic centimeter of this 
clear solution contains 0.5 mg. of purified crystals of vitamin B,, corresponding in 
efficacy with 200 gm. of fresh rice bran. On the first day of admission, Ocfoficr 14, 
injections of above two reniedie.s were made twice each during tin; day. At niglil 
the rectal administration of chloral hydrate enabled the patient to sleep well. 

On the second day in the liospital, October 15, combined injections of concentrated 
oryzanin and stryebnine were given in tlie early morning, nnd a single injection 
of concentrated oryzanin at night, A remarkable improvement in the condition of tlie 



i. — Roentgenoar.-im taken on Oct. 20. lO.'iC, after recosv.-ry from acute pemi- 
clou.s beriberi, due to administration of vU.aniln B. Xoto tlie cardiac .shadow nornml in 
size and shape. 

patient was already observed on tliis day. He did not comphain of precordial dis- 
tress. Tlicre was neither dyspnea nor cyanosis. The respiratory rate was 20, the 
pulse rate 80, and the blood pressure 110 systolic and 60 diastolic. The diastolic 
pressure had been elevated by this time. The urinary output per day was 1,500 c.c. 
The urine contained no albumin. The vital capacitj* was .still low — 4.'! per cent. 

On the third day, October 16, tlic concentrated oryzanin was injected twice into 
the vein. Besides this, 30 c.c. of the fluid oryzanin and 3 gm. of rice germ powder 
were given by mouth, as tlie patient liad already been relieved of nausea and 
vomiting. Tiie patient appeared very comfortable. Tlie pulse rate was between 60 
and 80, and the respiratory rate was 18. There occurred a good diuresis, with the 
urinary output of 2,050 c.e. per day. The heart was found to have been decreased 
in size. The cardiac dullness extended about 3 cm. to the right and about 9 cm. 
to the left. The pulmonary second sound was a little accentuated, being preceded by 
a weak systolic murmur. The arterial sounds were audible, though much enfeebled. 
The electrocardiogram (Fig. 3), obtained from the patient about fifty hours after 
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the institution of the vitamin administrations, revealed normal functioning of the 
heart. T-waves in. Lead I became positive and high and perfectly normal in shape. 

On the fourth day, October 17, no more injections of the concentrated oryzanin 
were made, but an antiberiberi diet was given in addition to the oral administration 
of 30 c.c. of fluid oryzanin and 3 gm. of rice germ powder. Abnormal murmurs in 
the heart and arteries had completely disappeared. The pulmonary second sound 
was not accentuated. The urinary output amounted to 2,G00 c.c. per day. 

On the fifth and sixth days, October IS and 19, considerable diuresis continued 
with the urinary output of 2,500 c.c. and 2,450 c.c., respectively, per day. 

On the seventh day, October 20, the patient appeared perfectly well without any 
cardiovascular or gastrointestinal disturbances. There was no edema. The calves 
were not tender on firm palpation. Knee jerhs, however, were still absent. The 
vital capacity was -35 per cent. The roentgenographic examination (Fig. 4) re* 
vealed that the .heart had returnerl to the normal size and shape. The electro- 
cardiogram was almo.st normal. The patient loft the hospital, completely recovered 
from cardiac failure. 

In summary, it may be stated that a boy who had been seized with an 
acute pernicious form of beriberi witliout any complications recovered 
from the acute cardiac failure witliin about fifty hours under the intra- 
venous administration of 3 mg-, of purified vitamin B,. Tiiere occurred 
no untoward reaction, such as an abrupt decrease in blood pressure, 
breathles.sness, etc., as used to liappen when so-called raw oryzanin 
had been administered intravenously. 

ELECTROC.VRDIOGRAPHTC EXA]^IIN.\TION 

In the electrocardiogram (Pig. 2), obtained on Oct. 14, 1936, from 
the patient during the acute stage of pernicious beriberi, the cardiac 
rate was 110 per minute, with a cycle length of 0.64 sec. was low, 
less than 0.5 mm. P. and P- were both high, 3 mm. P-E interval was 
0.14 sec. The main deflection of QESi was directed do^vnward. Eg 
was higher than Eo. QES complexes were neither notched nor slurred 
in any of tlie leads. Q-T interval was 0.30 sec., shorter than Pridericia’s 
value by 8 per cent. Ti was inverted 1.5 mm. below the isoelectric 
line. Ta w^as positive, 3 mm. 

In the electrocardiogram (Pig. 3), obtained on Oct. 16, 1936, at the 
time of remarkable improvement in sjmiptoms, due to intravenous injec- 
tions of vitamin B^, the cardiac rate was 70 per minute with a cycle 
length of 0.88 sec. P^ and P, were normal, 2 mm. Pg was diphasic. 
P-E interval was 0.16 see. QES complexes were neither slurred nor 
notclied. E^ was slightly longer than Sj. Eg was nearly equal in height 
with Eg. Q-T inteiwal was 0.36 sec. and shorter than Pridericia’s value 
by only 1.5 per cent. Ti was positive and as high as 4 mm. Tg Avas also 
positive, 3.5 mm. Tg Avas diphasic, 1.5 mm. above and beloAv the base line. 

During the acute stage the cardiac rate AA^as accelerated, Avithoiit 
arrhythmia. The P-Avaves AA’^ere Ioav in Lead I and high in Lead III. 
The QES complexes indicated a tendency to right ventricular pre- 
ponderance. T-waves Avere inverted in Lead I. During the eonvales- 
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cence T-waves heeainc positive aiul liigli in Lead T. Tlio tendency to 
right vontricnlar preponderance ^vas reduced. Along witli a decrea.se 
in cardiac rate the Q-T intei'val became longer. P-waves in Lead I 
became normal in voltage. Diphasic P- and T-waves in Lead III may 
be of little clinical significance. 

Keefer noticed that high T-waves in Lead II during the acute .stage 
became lower during recovery and that negative T-waves in Lead III, 
witliout use of digitali.s, became positive during the convalescence, and 
the positive one negative. No doubt these changes indicate that the 
myocardium underwent some change during the recovery from beriberi 
of patients treated with rc.st in bed and by the administration of anti- 
beriberi diet and yeast. However, there were no elcetroeardiogi-aphie 
evidences to which any jiathological significance can be attached. The 
T-waves arc often inverted in normal individuals in Lead III. On the 
other hand, when the eft’eet of digitalis medication is excluded and 
negative T-waves exist in Lead I or in Leads I and II, we may assume 
serious involvement of the myocardium with a fair accuracy. In the 
electrocardiogram (Fig. 1), obtained fi’om the patient with acute cardiac 
failure due to beriberi, the negative T-waves were found in Lead I, 
when no digitalis had been administered. And these negative T-waves 
promptly became positive during the recovery, due to the intravenous 
administration of vitamin Bj, It may bo .stated that in the acute per- 
nicious form of beriberi there may be an electrocardiographic evidence 
of more serious myocardial involvement than in the usual cardiac form 
of beriberi. 

.SUMHAKY 

A patient with acute pernicious form of beriberi, showing an elcctro- 
cardiograpliic evidence of myocardial damage, recovered very promptly 
from tlie eai’diac failure under intravenous administration of vitamin 
Bi, with a re.sulting return to normal of the electrocardiogram. 
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THE CIRCULATORY DYNAMICS IN TRICUSPID STENOSIS 
Their Significance in the Pathogenesis of Edesia and Orthopnea*! 

Mark D. Altschule, i\I.D., and Herr.^ian L. Blumgart, M.D. 

Boston, Mass. 

INTRODUCTION 

' I 'HE diagnosis of acquired tricuspid stenosis is made very infre- 
quently during life. Zeisler,i wlio reviewed the literature in 1933, 
reported correct ante-morteni diagnoses in only 31 of 250 autopsied 
cases. Of these 31 diagnoses, 14 were made by Dressier and Pisclier- 
oiit of a group of 33 cases proved at post-mortem examination. 

The clinical criteria for trieusjnd valvular disease have been well 
described by Dressier and Fischer,- by Zeisler,^ and by Pi-iedlander 
and Kerr.’* The cardinal signs are cyanosis, subicteric tint, and liepa- 
tomegalj', with pulsation of the neck veins and liver, all persisting in 
the absence of cardiac decompensation. This pulsation is double- 
phased, with late, diastolic (auricular) and systolic (ventricular) com- 
ponents. The presystolic component is absent in the presence of 
auricular fibrillation and, according to Priedlander and Kerr,^ also in 
auricular arrest, nodal rhythm, and nodal tachycardia. Q^he murmurs 
are typical and are best heard at, or to the right of, the xiphoid process. 
They may, however, be masked by those of the mitral stenosis which 
is always present. The most recent work, that of Teufl,** using profile 
illumination to make visible a retrograde venous pulsation, suggests 
that the correct diagnosis may be made more often in the future 
through the use of this procedure. 

Physiological studies in this disease are exceedingly fragmentary, 
being limited almost entirely to studies of the venous pressure and 
the phlebogram. No studies of the dynamics of the circulation are, 
so far as can be ascertained, available. 

report of case 

M. E., a tliirty-two-year-old white American liousewife, entered the Beth Israel 
Hospital on Jan. 29, 193C, complaining of dyspnea on exertion of ten years’ dura- 
tion. Family hi.story and past history were irrelevant. Eleven years before admis- 
sion, the patient had migrating polyarthritis, characterized by pain and fever, but 
no .swelling or redness of the joints, over a period of four months, during which 
time she remained in bed. Following this illness she was advised to curtail her 
activities because she had a cardiac murmur, but she" disregarded this advice. About 
a year later she began to notice easy fatigability, .slight dyspnea, and slight palpita- 

•Prom the Medical Service and Medical Research Laboratories of the Beth Israel 
Hospital, Boston, and the Department of Medicine. Harvard Medical School. 

tPresented in abstract before the American Clinical and Climatological Society, 
October 2G, 1936. 
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tioa on exertion. Slie nlso noted sliglit .swelling of the anide.s, partieitlnrly the left, 
at the end of the day. Her condition remained atationary until aix ycarH before 
admission, wlicn, Iwcausc of increase of syniptonm, she entered another hospital, 
where a diagnosis of rheiiinatie mitral and aortic .stono.sis and influiticiency, j) 0 .s.siblc 
tricuspid insufficionc}’, and auricular fibrillation was made. 8!ie was digitalized and 
discharged improved after an eleven-day stay. About seven monfliH before the 
pre.sent admi.ssion .she began to experience a dragging sen.«ation and noted the ap- 
pearance of “a big lump’- in the epigastrium. The "lump” seemed to vary in size 
from time to time. Simultaneously the patient beg;m to exiierience frequent cructa- 
tion.s of gas, with, however, no mumea or vomiting. At about this time her dyspnea 
became worse. During the four inonfli.s preceding iidmis.sion the patient had five 
or six attaclm of severe erampy pain in the right ujjper quadrant, radiating to the 
loft upper quadrant, requiring morphin for relief. During thi.s period orthopnea 
appeared, and edema became more pcrsi.steiil, though at no time was it more than 
moderate in degree. Tlie jiatient, who formerly had been up and tibout, now %vent 
to bed for a period of three weeks, after which she led a bed-and-chair exi.stence. A 



Eig. 1. — Enretouched Infra-red pliotograplm stiowlng nmi'):ed engorgement of face and 

neck veins. 


month before admission the onset of continuous pain in the right shoulder was 
noted. At no time did the patient have cough, fever, che.st pain, or paroxysmal 
dyspnea. 

Examination on admission revealed a fairly well-developed and well-nourished 
young woman, with a slight icteric tint to the skin and .slight cyano.sis of the lip.s. 
The veins of the neck, face, forehead, arms, a-nd hands wore dilated and pulsating 
■synchronouslj' with the heart. The veins over the face and forehead were from 0,5 
to 1.0 cm. in diameter (Fig. 1). Ophthalmoscopic examination was negative except 
for dilatation and i)uisation of the retinal veins. Tlie lioart was markedly enlarged 
to both right and left, the borders of dullness being respectively 11 and 12 cm. from 
the midstomal line. Over the mitral area a diastolic thrill and a faint systolic thrill 
were felt. A systolic tlirill was also palpable over the aortic area. A rough .sy.stolic 
murmur and a rolling diastolic murmur were audible at the apex. A loud, rough 
systolic murmur and loud whi.stling decrescendo diiistolic murmur were heard over 
the lower end of the sternum and were transmitted toward the right. A rough 
systolic murmur and a short early diastolic murmur were also audible over the 
third left interspace. The second sound over the aortic area was absent. The 
rlij-thm was completely irregular. Tlie heart rate was 70, with no pulse deficit. There 
was some dulbiess over the right base posteriorly. No rides were heard. The liver 
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^\as enlarged to tlie umbilicus and was tender and pulsating. Tlie pulsations were 
systolic in time only. Iso capillary pulsation or Corrigan pulse was present. There 
was no edema of the ankles, legs, sacrum, or back. Arterial blood pressure was ap- 
pro.vimately 140 mm. systolic and S4 mm. diastolic. 



Fig-. 2. — Electrocardiogram .slio-wing right axis deviation and auricular fibrillation. 


The clinical diagnoses were: Rheumatic heart disease; tricuspid, mitral, and 
aortic stenosis and insufficiency; auricular fibrillation; and cardiac decompensation. 

Electrocardiographic tracings showed auricular fibrillation, right axis deviation, 
diphasic, Tj and inverted Tj and T^ (Fig. 2). 
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Cardiac wcanurcmcnis from a roentKimoRrjun inkoii ui a dislaiicc of acvcn foct 


were (Fig. 3) as follows: 

Midstermun io right 10.0 cm, 

Midsterniim lo loft H.'l cm. 

Total traasverso diameter -I.'* cm. 

Diameter of great vcsscIh 8.5 cm. 

Length 10. tl cm. 

Ease 17.0 cm. 

Transverse diameter of chest 24.0 cii!. 


The report of the roentgenologist also stated that most of the enlargement was 
to the right, suggesting a right.-.sidcd le.sion, and that the left auricle was prom- 
inent. The contour of the heart w.as not that of a poricardi.'il effusion. Fluoroscopy 
in various positions showed no evidence of adhesive pericarditis. 



Fig. Z . — Koentgenograni of heart sliowing marked enlargement to right as well as to 

left. 

Clinical Pathology . — Four urine exanuiiation.s revealed a specific gravity ranging 
between 1.020 and 1,0.30. Examinations of the urine taken without catheterization 
were negative e.xcept for the constant presence of a slightest possible trace to a 
trace of albumin. 

The red blood cell count v.as 4, .350, 000 per c.niin.; tlie hemoglobin, SO per cent 
(Salili). The white blood cell count on three occasions was between 0,100 and 8,000 
per c.min. Differential count and smear were normal. Stool examination revealed 
no abnormality. 

The blood nonprotein nitrogen was 29 mg. per cent; the blood sugar, 92 mg, per 
cent; the serum total protein, 7,4 gm. per cent; and the serum cholesterol, 1S9 mg. 
per cent. The blood Hinton and Kahn reactions were negative. On admission tlie 
icteric index was 20, and the quantitative van den Bergh, 2.3. Tliese fell re- 
spectivelj' to 12 and 1.3 during the next two weeks. The galactose tolerance test was 
negative. 

Venous Pressure . — Tlie venous pressure as measured in tlie antecubital veins by 
the direct method and referred to the level of the right auricle^ fluctuated between 
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1G,9 and 21.9 cai. of water over a period of a week of observation. The pressure 
in the right femoral vein with the patient in the recumbent position was 22.3 cm. 
at a point G cm. below the level of the right auricle, giving a pressure of 16.3 
cm. when referred to the level of the right auricle. These values were recorded 
during diastole. During systole the pressures in the antecubital veins were 0.4 
to 0.8 cm. of water liiglier; the pressure in the femoral vein was 0.5 to 2.0 cm. 
higher. An IS gauge needle was used in measuring the pressure in the arm veins 
and a 14 gauge needle in measuring that in the femoral vein. To obviate the in- 
ertia of the recording system, the length of the tubing used was reduced as far as 
possible. 

The pressure in the A-eins of the hand as measured by the indirect method of 
Hooker and EyesterG was 20.8 cm. of water. 

Tdodty of Blood Flow. — The velocity of blood flow as measured by the decholin 
method" showed an arm-to-tongiie circulation time of 25 sec. on tAvo occasions. 

Cardiac Ontput. — The cardiac output as measured on two occasions by the method 
of Starr and Gamble^ was 2.9 liters, or 1.9 liters per square meter of body surface, 
the normal range of A’alucs being 1.9 to 2.(i liters per square meter of body surface. 
The arterioA'enous oxygen difl'erence Avas G.44 volumes per cent. 

Vilal Capacity. — The A-ital capacity of the lungs varied betAvecn 1,400 and 
1,600 c.c. 

Melaholism. — The basal o.xygcn consumption Avas 189 c.c. per minute, the basal 
metabolic rate being -3 per cent. 

Bc.'spiraiory Dynainic.ff. — Under basal conditions the respiratory rate aA'eraged 
12.5 per minute. The respiratory minute A-olume Avas 4.8 liters per minute or 3.1 
liters per minute per square meter of body surface. The tidal air aA'eragod 384 c.c. 

Blood Gas-c.'t. — The femoral venous blood oxygen content Avas 13.12 volumes per 
cent, the capacity 19.52 volumes per cent, and saturation 67.2 per cent. These values 
are normal. Arterial blood Avas not obtained because of lack of cooperation of the 
patient. 

Blood Vessels of the Skin. — Microscopic examination of the vessels of the nail 
beds roA'ealed infermittont, pulsatile, or continuous flow in the capillaries, but no 
rcA^ersal of flow. The capillaries Avere of normal diameter. Many larger pulsatile ves- 
sels Avere seen. It could not be determined Avhich of these Avere arteries and AA-hich 
veins. 

Ohservaiions on Orthopnea. — With the patient at an angle of 30 degrees from the 
horizontal, the veins on the top of the scalp AA'ore distended. The respiratory rate 
Avas 18 per minute. The patient experienced a choking feeling in the throat and 
chest. Merely flexing the head, by putting a pillOAV under it, caused the veins of the 
scalp to collapse. Simultaneously the choking feeling disappeared. There was no 
change in respiratory rate. 

Elevating, the bed to an angle of 60 degrees likeAA’ise caused the collapse of the 
engorged veins on the face and the .simultaneous disappearance of orthopnea. 
These maneuA'ers Averc not associated AA'ith any change in Autal capacity. 

DISCUSSION 

The findings in this case are of interest from several points of view. 
In the finst place the signs of tricuspid stenosis and insufficiency were 
adequate to establish the clinical diagnosis of this condition. In com- 
mon with other reported cases of tricuspid stenosis, 2. ^ this patient 
showed a persistently elevated venous pressure, with no evidence of 
edema. In many of the cases described as free of edema, engorgement 
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of the neck veins, frequently to a striking degree, was notedd-^ 
Friedlander and Kerr-* measured the venous pressure in their patient 
and found it to be 26 em. of water thongli no edema was present. 
With each tlirust of the heart in the case licre reported, tlie veins 
showed increased engorgement and conspicuous pulsations. The greatly 
enlarged liver likewise pulsated markedly. The skin shon-ed a .slightlj' 
cyanotic and icteric tint. Tliese. signs, together with the loud systolic 
murmur refer«ablc to the ti-ieuspid area, signified tricuspid insufficieucy. 
The loud decresceudo diastolic murmur heard over the lower end of 
the sternum, ti-ansmittcd toward the right, could be clearly ditYereu- 
tiated from the aortic and miti’al diastolic murmurs, and established 
the diagnosis of organic tricuspid stenosis. 

The significance of jaundice and cyanosis as a helpful diagnostic 
sign in tricuspid valvulitis has recently been pointed out by Wearn.'*' 
In our patient the icteric tint corresponded with the increased icteric 
index values and slightly elevated .serum bilirubin values and was due 
to hepatic engorgement. The cyanosis which was more blnish and le.ss 
purplish than that usually observed in cardiac patients was evidently 
due to the dilatation of veims and venules. 

The accuracy of the measurements of venous pressure here reported 
was not significantly impaired by the movement of the fluid in the 
manometer tube, by the friction of the fluid in the measuring sy.stem, 
or by the inertia of the fluid itself. Diastole Avas snlfieiently long to 
permit the fluid in the manometer to come to a standstill at the same 
point each time. Because of the auricular fibrillation, diastole was of 
variable duration and was frequently abnormally long. Readings of 
the venous pressure were not affected by the duration of diastole. 
Further, measurements made in the arm A’cins with a needle of medium 
gauge and in the femoral A-oin Avith one of much larger size Avere the 
same. 

In most patients AAutli congestiA'c failure many factors cooperate in 
causing the appearance of peripheral edema. The decreased output of 
the heart in relation to the oxygen consumption combined AAuth defi- 
cient oxygen saturation of the ai-terial blood leads to anoxemia, Avhich 
in turn leads to A'asodilatation of the peripheral capillaries Avith a 
marked increase in the number of open capillaries. This greatly in- 
creased filtering surface area permits the filti'ation of considerably 
increased amounts of fluid. Simultaneously, the elcAmted A^enons pres- 
sure tends to px’event reahsorption of fluid at the A'enous ends of the 
capillai'ie.s. Edema fluid, as shoAvn by Gilligan and her associates**’ 
and others, is a simple plasma filtrate in equilibrium AA-ith blood. 
Anoxemia not onl3^ leads to peripheral A’asodilatation but also as shoAvn 
experimentallA* hj^ Laudis**^ maj' lead to increased capillary permea- 
bility. In addition to the factors of anoxemia, peripheral A-asodilata- 
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tion, and elevated venous pressure above enumerated, decreased plasma 
protein concentration,^” defective l.Ympbatic drainage, and diminished 
tissue pressure likewise are frequently of etiological significance in 
the formation of edema in patients with congestive heart failure. 

The patient who is the subject of the present study afforded an 
unusual opportimity to study the effect of a generally elevated venous 
pressure uncomplicated by most of the factors usually found in pa- 
tients with congestive failure due to organic heart disease. Kepeated 
measurements of the minute volume output of the heart showed values 
at the lower range of normal. Tlie slightly prolonged circulation time 
may be considered a result of venous engorgement, the test substance, 
decholin, having been injected into the veins of the arm. The low vital 
capacity of the lungs sugge.sts that pulmonary congestion might also 
be in part responsible for the prolonged circulation time although 
encroachment on the lungs by the greatly enlarged heart might have 
been sufficient in itself to cause the marked diminution in the vital 
capacity. The arteriovenous oxygen difference calculated from the 
minute volume output studies and e.stimated from direct analysis of 
the femoral venous blood likewise showed normal values. 

These findings therefore indicate that in the absence of other co- 
operating factors such as anoxemia, lowered cardiac output, and de- 
creased plasma protein, a venous pressure as high as 20 cm. of water 
which ma.y be observed in cardiac patients with anasarca may still 
not induce clinical pitting edema. It is significant that Krogh, Landis, 
and Turner,^- and Landis and Gibbon^^ demonstrated experimentally 
that the venous pressure in normal individuals can be elevated to from 
15 to 20 cm. of water without a demonstrable increased accumulation 
of water in the tissue spaces. These experimenters have shown, there- 
fore, that there exists in the normal subjects a. margin of safet}’- against 
the production of edema through increase of venous pressure. 

It is extremely important that the osmotic pressure of the plasma 
proteins in our subject was normal (the total serum protein was 7.4 gm. 
per cent), for the experiments of many observers (reviewed by Krogh 
and his associates'^) leave little doubt that edema would have oc- 
curred with a venous pressure of 16 to 22 cm. of water and appreciably 
lowered plasma protein concentration. 

The observations , in this patient also have a bearing in regard to 
the mechanisms which operate in the production of orthopnea. That 
orthopnea may be produced by various mechanisms is well established. 
Pulmonary engorgement initiating sensory impulses leading to dyspnea, 
or encroachment on the vital capacity of the lungs by ascites, hydro- 
thorax, enlarged hearts, and intrathoracic tumors may impel some 
patients to assume the upright position, for an increased vital capacity 
and more complete oxygenation of the blood are sometimes observed 
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under such eircuinstanccs. In a previous communication, Ernstene 
and Biumgart^* presented evidence whicli supported tlie coneqit that 
in sitting up, orthopneie patiejits relieved their respiratory centers of 
the effects of increased venous pressure and thereby secured increased 
blood floiv and relief from the distress due to partial aspliyxia in such 
areas. In the upright position the pressure in tlie veins about the 
respiratoiy center is kept more nearly normal, and the blood flow in 
the capillaries feeding these veins is increased to the maximal limit 
set ])y the existing myo(.'ardial failure. Eighty-two comparisons of 
the height of venous pressure and the degree of orthopnea in 22 pa- 
tients with uncomplicated myocardial failure of the congestive type 
showed a parallelism between the tAvo measui’cments. Wlien ort.hop- 
neie patients Avere placed in the recumbent position AA'ith the head 
fiat, simple eleA’ation of the head by fiexion of it on the thorax jiro- 
duecd, almost AA'ithout exception, conspicuous diminution of re.spira- 
tory distress. In performing this maneuA'oi*, the chest AA'as not moA'ed, 
and so intrathoracic factor.s, AA*hich might affect the A'ital capacity or 
the oxygenation of the pulmonary blood, Avere not influenced. Cere- 
bral venous pressure, .iudging by the collat)Sc of the neck veins, Avas 
reduced. hoAvever. 

The sti-ikingly elcA'ated A'enous pre.ssure in the patient of the present 
communication, in the absence of many of the faetoi's commonly pres- 
ent in patients Avith conge.stiA-e failure, oft’ered an interesting opportu- 
nity to lest the applicability of the above theory. Simple fiexion of 
the head Avith the patient in the recumbent position relieved the pa- 
tient of respiratory distre.ss. It aauis of particular significanee in this 
ease that respiratory distress Avas relieved precisely by that degree of 
elevation Avhich re.sulled in a collap.se of the prominent distended A'eins 
OA'cr the forehead and face. 

The cardiovascular dynamics of adhesive pericarditis are someAvhat 
similar to those of tricuspid stenosis. The A'enous pressure in both is 
.strikingly elevated. IIcaa'ca'ci', the cardiac output in the foi-mer is 
markedly decreased, and edema or ascites or both is present in 
all the patients Avith adhesiA'c pericarditis reported in the literature.-® 
In patients AA'ith tricuspid stenosis and insufficiency the cardiac output 
may be AA'ithin the limits of nonnal eA'en though the venous pre.ssure 
is someAvhat elevated ; the findings in our patient as aa'cH as those re- 
ported elseAvhei'e .shoAv that edema of the subcutaneous tissues may be 
absent under such circumstances. 

SUMAIABV 

The cardioA'ascular dj-namics in a patient Avith tricuspid steno.sis and 
insufficiencj' Avere iuA'estigated. The clinical diagnosis Avas made on 
the basis of the marked generalized A'enous engorgement, cyanosis. 
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slight jaundice, pulsation of tlie veins and of the enlarged liver, and 
the presence of typical murmurs to the right of the xiphoid. 

A high venous pressure was noted in both the arm and leg veins ; 
this observation corroborated the clinical finding of marked general- 
ized venous engorgement. Elevation of the venous xiressure is com- 
monly regarded as the chief, if not the only, cause of cardiac edema. 
It is striking that no edema was present in this case. Of significance 
in this connection are the observations on the cardiac outiiut, arterio- 
venous oxygen difference, and venous oxygen content and saturation. 
All were essentially normal, i.e., no anoxemia was present. The con- 
centration of plasma iirotein was normal. These findings strongly 
suggest that factors other than the venous pressure are likewise of 
importance in the formation of cardiac edema. 

The studies on orthopnea in this jiatient support the theory that 
elevation of the venous pressure may be a significant factor in the 
genesis of orthopnea. 
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•THE OCCTJRBENCE AND THE PATHOGENESIS OP CARDIAC 
HYPERTROPHY IN GRAVES' DISEASE'-^ 

Charles K. Friedberg, j\I.D., and Arthur R. Sohval, M.D. 

. New York, N. Y. 

TT HAS long been known that. Graves’ disease produces marked changes 
* in the dynamics of the circulation. It is generally accepted that in 
this disease the heart rate and the velocity of circulation are increased, 
tlie blood volume is enlarged, tJie venous return to tlie heart augmented, 
and the minute cardiac output considerably elevated. There is still dis- 
agreement, however, as to whetlier the size and the weight of the heart 
are greater than normal, and if so, what factors produce these altera- 
tions. 

HISTORICAL 

i\fany of the earliest writers on Graves’ disease noted clinically that 
tiiere was an increase in tiie size of tlie lieart. Graves,^ himself, ob- 
served cardiac enlargement in one of tlie three cases on the basis of 
which he described the clinical picture which bears his name. Marsh- 
and Stokes^ also reported dilatation of tlie heart in disease of the thyroid 
gland. Enlargement of the heart was clinically observed in from one- 
third to one-half of the cases reported by various writers including 
Passler,'* Kraus,^ KocheiV’ Murray,^ Sehultze,® Dietlen,'’ and Bickel.^® 
Sattler’^ reported that the dilatation of the heart accompanying Graves’ 
disease could disappear if the hyperthyroidism were cured or alleviated 
and (piotcd various cases to illustrate this point. In a recent clinical 
study of 148 cases of Graves’ disease, Burnett and Durbin^^ noted car- 
diac enlargement in 30 per cent. 

Clinical studies of the size of the heart in hyperthyroidism have been 
supplemented by the more accurate methods of x-ray examination. Most 
of these reports have likewise emphasized the occurrence of cardiac en- 
largement, as indicated by general widening of the cardiac borders, or 
by some characteristic alteration in the shape of the heart. Among the 
reports of large series of eases are those of Meyer-BorsteP® and of Park- 
inson and Cookson.^^’ Mej’-er-Borstel presented a summary of the evi- 
dence for cardiac enlargement in Graves’ disease and reported 59 cases 
of his o%yn, in 83 per cent of which the heart was enlarged. He de- 
scribed a typical configuration consisting of prominence of the pulmo: 
nary conus similar to that in mitral stenosis. This observation had been 
made previously by Rosier^® and by Assmann.^® Parkinson and Cook- 
son found slight or moderate enlargement in 45 per cent of 130 cases 

*From the Medical Services o£ Dr. George Baehr and Dr. B. S. Oppenheimer, the 
Mount Sinai Hospital. 
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wliich M-cre studied clinically and hy the x-ray. O'licy likewise empha- 
sized a characteristic early alteration in the .shape of the heart, particu- 
hu-ly the prominence of the pnltnonaiy arch. 

Certain experimental evidence has been pre.sentcd to support the 
oeciarrenee of cardiac hy))ert7'oi)hy in ffj'avcs’ disease, TTashinioto,’^ 
Cameron and Carmichael,’* Simond.s and Brandes,’'’ ajid Smith a7)d 
]\IacKay®’ frequently observed the presence of e<i7’diac hy[)ertrophy in 
ani7nals following the ad7ni77ist7’ation of thyroid extr-act. Bojis and 
Landauer'''’^ noted the oceina-ence of hypcrh’ophied lieai'ts in the f7'i7,zle 
fowl as comi)arcd with those of the no7-n7al chicken. They asc7'ihed this 
to the .scanty pli77nage with i777pi‘oper con.se7walioi7 of heat i7i the for7ne7', 
I’csulting i7i increased hassil 777ct{iholi.srn jind tachyc.ardiji. 1’hey drew an 
analogy between the ca7‘diac hyi>e7‘lro])hy i77 ])Jitie77t.s with hyperthyroid- 
ism a77d that i77 the frizzle fowl, both of which wcu'c cxi)l.'iined as due to 
increased 7netabolism and W07'k of lJ7e hesn-t. A 77 evaluatio77 of these 
experimental studies 7'e(iui7'e.s a consideratioi7 of the large doses of thy- 
roid extract usually eanjdoyed, of the ge?ici‘al failu7-e to allow for the 
di-sproportionate total body weight lost du7’ing 1hy7-oid admini.sti'alion, 
resulting in a7i i7ic7’eased ratio of heart weight to body weight, of the 
possible dift’ore7ices of indiiced phaianaeologieal hy])C7’thyi’oi(li.sm 771 ani- 
mals and Graves’ disease i7i hu7nans, a77d especially of difforcncc.s i?) 
cai’diac adjusl7ncnts to alte7'at,ions of blood flow i77 h\i7na77s a77d lower 
animals. For these reasons, 07ie may qne.slio77 •whether the above men- 
tioned experi7ne77tal obse7'V{itio77S a7’e apyflicjiblo to the pal.hologj* of 
Graves’ disease in humans. 

T]7e7'e a7-e few obsc7've7’.s who disag7‘ce with the vast ,'i7-7-ay of reports 
i7idieati77g the p7-e.se77ce of ca7'dij7c e77la7’g(n77C77t in G7-avcs’ di.sea.se. Tt 
should be emphasized, howevtu', that evc77 in these 7'ci)0}-l.s of cardiac en- 
largement the oeeui’rence of hearts of no7-n7al size is at least as frequent 
as those that .show enla7‘ge7nent. Oi7c can, tho’cfoi’e, say that ca7’diac 
e77largement is not a 77eees.sa7-y sequel to hype7l)iy7’oidi.sm. No adequate 
explanation is presented i77 the.se various .studies for the occurrence of 
enlai'gement i7i some cases a7id not in othe7’.s. 

Eece7itl.y, a number of writei'S, without de77ying the occasional ])i'c.s- 
ence of cardiac e77large7nent, have maintained that this was neither of 
marked degree nor a significai7t featui-e of Graves’ disease. Eo.sler,”^ 
on the basis of x-ray observations, e7npha.sized that the g7’eat iTiajority of 
hearts in G7’aves’ disease are not e 7 tlarged. He found no diminution in 
the size of the heait after thyroidecto7ny. yate7',^® 771 discu.ssing the 
dynamics of the circiTlation i7i hyperthyroidism, also iTiaintained that 
there was no significant degree of cardiac hj^ertrophy, Thoi77as,^' after 
pointi7ig out tl7at there was no agi*eement as to the occurrence of l7yper- 
trophy and dilatation, adopted a middle course and .sugge.sted that 
enlargement ocei7ri’ed only late i7i the disease and with intense a77d pro- 
longed hypertl7yroidism. HurxthaP® and his coworkers, and Lahey,-’ 
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on the basis of x-ray and clinical studies of an inmsiiallj^ large series of 
eases, concluded that cardiac hypertrophy vas rare except with coexist- 
ing heart disease. Tliey maintained that hypertrophy does not occur as 
a result of pure hypertiiyroidisin hut that a slight degree of dilatation is 
frequent. The evidence obtained from various post-mortem studies will 
be discussed after the presentalifm of certain general considerations and 
definitions. 

GENERAL CONSIDERATIONS 

In evaluating the numerous studies wliich bear on the size and’Aveight 
of the heart, there are certain fundamental difficulties. There is a lack 
of adequate distinction in the use of the terms hypertrophy, dilatation, 
and enlargement. It is difficult to evaluate and compare the results ob- 
tained from x-ray, clinical, experimental, and po.st-mortem .studies. The 
confusion in tlie use of terms is due in part to the fact tliat observations 
based on these varied ty])es of inve.stigation nece.ssarily yield different 
kinds of information. Tims, clinical and x-ray observations afford no 
measure of the weight of the lieart, ivliile post-mortem studies cannot 
give an accurate picture of the size of cardiac chambers during life. 

Dilafafion of the heart indicates an enlarged capacity of the cardiac 
chambers. Tliis can sometimes be determined clinically by palpation 
and percussion, and, unless very slight, should generally be observable 
by x-ray films. Cardiac hiiperirophu indicates an increased weight of 
the heart. This may be visible gro.ssly in a- greater thickness of the car- 
diac wall and microseojiically by an enlargement of the cardiac muscle 
fibers and by various nuclear changes. Such increase in the thiclaiess 
of the cardiac walls may prodm-e a widening of the cardiac borders 
which might or inight not be noted clinically or by the x-ray. On the 
other hand, dilatation itself (without alteration in the thickness of the 
cardiac walls) can produce a widening of the cardiac borders. Some- 
times it is possible b3^ a consideration of the clinical coiu’se or by certain 
x-ra.v observations to sunnise a distinction between cardiac hj^pertrophj’’ 
and cardiac dilatation. Cfenerally, however, it is difficult or impossible 
to di.stinguish the two conditions. For this reason, since the heart can- 
not actually be weighed, clinical and x-ray observations should lead only 
to the diagnosis of cardiac enlargement, denoting an increased width of 
the cardiac borders. No attempt should be made to state specifically 
how much of the altered size is due to hypertrophy and how much to 
dilatation. 

In this report we shall confine ourselves essentially to a consideration 
of cardiac hypertrophy in Graves’ disease. This necessarily involves the 
study of hearts which have come to post-mortem examination. The 
advantages of thus limiting the problem appear obvious. Post-mortem 
study affords uniform, absolute measurements which can be compared 
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with tlip findings of various observers. It also makes more certain ilic 
accuracy of the clinical diagnosis and the nhsonce of othei' forms of 
circulatory or cardiac di.seasc which miglit lead to cardiac hypertrophy. 
On the other hand, x-ray ohservalions may give fairly accurate measure- 
ments as to the size of the heart, hut the standards of normal variation 
on x-ray examination are less clearly defined than the standards for 
normal heart weights. Furthermore, sine,e x-ray observations involve 
two-dimensional configurations, slight cardiac enlargnment can easily he 
overlooked. The difficulties of evaluating accurately the size of the heart 
by percussion and palpat ion arc obviou.sl.v even more marked. For these 
reasons clinical and x-ray studies Avill not he included in oui* considera- 
tion of heart size, which is based only on ])ost-nioi’tem observations. 

This study is not only confined to post-mortem observations, but is 
further limited to a consideration of cardiac hypertrophy. This can be 
determined in terms of specific numerical values which can be compared 
with the findings of other authors. Dilatation, on the other hand, is 
variously evaluated b.v different observers even where the hearts are 
available for direct inspection. Dilatation, as determiiKsl b.v ])ost- 
rnortem examination, depends in large measure on whcthei’ the heai’t 
stopjiod in .sy.stolo or diastole, lilild grades of dilatation ma.v bo ob- 
scured when thick, hypertrophied chamber walls encroach upon the 
cardiac lumina. 

Even in evaluating hypcrti’ophy, unle.ss it be consideralile, one falls 
upon the stumblingblock ol' normal values for heart weights. Tlie wide 
variation of numerous investigators (Table I) is indicated b.v the values 
given by Tandler,-^ Gray,-® PiersoP' and by Walmsley.®® It is agreed 
that heart weights bear a fairly definite relation.ship to body weight. 
But these ratios have been variou.sly .stated to be between 0.8 per cent as 


Tabi.k I 

Wkight.s of JCoiiM.sr, Hf,akts Givex by Vauioxj.s Avthoks 


AUTHOR 

ATORAGE (cm.) 

RANGE 

(G.M.) 

RATIO TO BODY WEIGHT 

f%) 

MAbE 

FElfAI.E 

MAI.E 

FEJIAI-E 

•AVERAGE 

ItAT.E 

FElfAI.E 

Aseliofft 

321 


299-355 





tValmslcy 

32.5 

300 

310-340 

280-320 




Gray 

310 

255 

280-340 

230-280 




Piersol 

306 

285 

26G-.346 

230-340 


0.59 

0.62 

23oyd 





O.CO-O.SO 



Greenwood and Brown^ 





0.45-0.70 



Webers 





0.6G 



Miiller^ 





0.55 



Robinson 





0.42 



Smith 

294 

250 

155-400 

110-367 


0,43 

0.40 


... iv. ; i.«ciures on i-atnoiogj', Kcw l ork, ISZi, J^aul B. Hoeber, P. 135. 

Brown. J. AV.-. A .Second Study of the AVcight. VariablUtv 
ana Correlation of the Human Viscera, Biometrlka 9: 473-485. 1913. 

Aufgabo!'’Bfa?nsldKvci?. fslp Bd^'al'pT'lM. IS^'^ICU "" Anatomic do.s Mcn^cben. t 

Lcipzi'g!^ 1883?L^op?ld VossrP^ tc!’ 5"n >«en8chlichen Herzens, Han.burg and 
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given by Boyd=“ and 0.42 per cent by Robinson."® Recently, H. L. 
Smitli"^ has stated the heart weight to average 0.40 per cent of body 
weight for women and 0.43 per cent for men. This percentage is some- 
what less in large individuals and liigher in small individuals. Accord- 
ing to Aschoff,"" in conditions of wa.sting, the lieart loses a smaller pro- 
portion than tlie body and therefore increases in relative weight. 

In terms of absolute values, the reported normal heart weights also 
show considerable variation. Walmsley gives the average heart weight 
for males as from 310 to 340 gm., but the range is from 255 to 420. The 
average for females is stated as from 280 to 320 and the range from 200 
to 400. Gray’s values are from 280 to 340 gm. for males and from 230 
to 280 for females. Smith’s ranges for various body weights indicate 
normal heart weights varying between 155 and 400 gm. for men and 
between 110 and 367 for women, the averages being 294 and 250, re- 
spectively. The values of earlier investigators were probably too high 
because various pathological conditions leading to cardiac hypertrophy 
were inadequately eliminated from the so-called normal series upon 
which normal heart; weights were based. Recent considerations of cardiac 
Inqiertrophy have employed as normal standards the figures given by 
■Walmsley and’H. L. Smith. Tlie latter’s figures would tend to be too 
low because, in bis careful elimination of patients dying from some 
cardiac disorder, he necessarily included an unspecified but considerable 
percentage of patients dying from neoplastic and other cachectic dis- 
eases, so that many of the hearts had undoubtedly undergone some 
degree of atrophy. It is important to emphasize the rather wide range 
of normal heart weights in aU the series stated. It is obviously possible 
that slight but significant degrees of hypertrophy could occur without 
affecting the heart weight sufficiently to take it out of the range of the 
normal. 

There appears to be agreement in the literature that cardiac enlarge- 
ment is associated vuth Graves’ disease in a variable percentage of cases, 
which AVhite"" estimates as being between 0 and 40 per cent. These 
variations are due in part to the strictness with which the different 
observers eliminated causes of cardiac hypertrophy other than Graves’ 
disease itself. Recent investigators have in general been careful to 
eliminate from their statistics cases with essential hypertension, rheu- 
matic heart disease, and other as.sociated cardiopathies. It is equally 
important, we believe, to set aside those cases in which auricular fibrilla- 
tion and cardiac failure have developed, even though these complications 
are themselves part of the Graves’ disease. There can be no difference 
of opinion as to the development of dilatation and hypertrophy when 
•cardiac failure supervenes, no matter Avhat its etiology. This is, there- 
fore, also to be expected when cardiac failure develops in Graves’ dis- 
ease. The significance of auricular fibrillation and its relationship to 
cardiac hypertrophy will be considered later. At present it may be 
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slated that fibrillation is a new fad or added to tlie Graves’ disease per 
se, and in onr consideration cases with establislicd anrienlar fibrillation 
will be segregated from those that are entirely uncomplicated. 

Tins report will deal with an' attempt, to answer tiie following ques* 
tions; (1) Does cardiac hypcrtrojiliy occur in Graves’ disease? (2) 
Under what circumstances does such hypertrophy occur? (3) What is 
the effect of the altered circulatory dynamics in determining whether 
the hyperlhyroid heart will )-csi)ond liy hyj)ert]-op}iy? 

Our considerations will be based on the results of various post-mortem 
examinations reported in the literature and upon our pei'.sonal observa- 
tions of autopsied eases of Graves’ disease. 

POST-MORTEM OBStCRVATIONS OK HEARTS IN' nYPERTHYROimSM 

The observations based on post-mortem studies of the hyperthyroid 
heart appear uniforml.v to support the occurrence of hypertrophy in a 
considerable percentage of ca.scs. Weller and his coworker.s^‘ are almost 
alone in their opposition to this conclusion, but it may be justly objected 
that this opposition is based e.ssentially on the microscoi)ic evaluation of 
the presence of hypertrophy. They support their conclusion.s, however, 
by pointing out. that the mean weight of thirty-five hearts of juitients 
with Graves’ disease was 393 ± 4fi gm., M’hile the controls avei’aged 
323 ± 75 gm. The authors do not lay miich .strc.ss on the difference of 
70 gm. in the mean cardiac -weights because of the groat variability in 
both series. The average heart in Graves’ disease exceeded the average 
control by 47 ± 94 gm., M'hich fact indicates that this cxce.ss is not sta- 
tistically significant. It should be noted that an average weight of 393 
gm. -would ordinarily indicate hypertrophy of the heart, but the authors’ 
data present no information as to the body weights or the occurrence 
of associated hypertension, cardiac failixre, or aixricular fibrillation. 

Fahr and Kiihle'’^ report the presence of hypertrophy and dilatation 
in 23 of 27 cases of xvliat they tei’in Kroj)fhcrz. Of their 27 cases, only 
18 include patients xvith Graves’ disea.se. The other 9 are eases of 
coUoid goiter in patients who clinically showed evidence of cardiac dis- 
ease. While the hearts in 23 of the total number of patients wore sup- 
posed to be hypei-trophied, this judgment -was based on the pathologi.st’s 
gross description together -with the clinical evaluation of the heart’s size. 
An actual study of the heart xveights given in some of the ease protocols 
indicates that the significantly large hearts were present in the group of 
9 cases which are not examples of Graves’ disease. Furthermore, in at 
least 7 of these 9 it is clear that the cardiac symptoms were due to I’heu- 
matie fever, severe coronary sclerosis or thrombosis, marked hjqier- 
tension, or cardiac failure. 

Of their 18 cases of Graves’ disease, only 2 of the hearts xveighed more 
than 350 gm. (and less than 400), while 3 others weighed between 300 
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and 350, and the average for 14 cT these cases in which the heart weight 
was available was 2/9 gin. Tliis i-onipares vdtli Smith’s average of 250 
gm. for females and 294 ror males and Walmsley’s average of 300 for 
females and 325 for males. Thus this group of cases shows a normal 
average cardiac weight allbongli there was at least one case of cardiac 
failure. 

Willius, Boothby, and "W iU.in"® reported cardiac hypertrophy at 
autopsj* in 36 of 21 cases. In this report, individual eases are not avail- 
able for analysis. Only 2 have definitely hypertrophied hearts. The 
others are said to .show a 5 to 30 per cent increase in weight. In this 
study, patients with InT^iertension, rheumatic fever, and cardiac failure 
are not excluded, and more tJiaii luilf of the patients were beyond the 
age of forty-five years. 

Lang^' reported partial or generalized hypertrophy of the heart in all 
of hi.s eight een cases. Inasmucli as he does not present individual' case 
reports, one cannot comment on the significance of his findings. 

Barker, Bohning, and Wilson^^ noted the presence of cardiac hyper- 
trophy, seldom pronounced, in thirleen thyroid hearts, as indicated by 
an average weight of 438 gm. Wliile the individual heart weights are 
not available, it is clear that some of these patients suffered from hyper- 
tension and that in 63 per cent of tliese cases there was some degree of 
cardiac failure. 

Kepler and Barnes^*-’ in a series of eighty-six cases of hyperthyroidism 
without hypertension or other forms of heart disease found 49 per cent 
of the hearts to exceed the maximum normal weight as given by Smith, 
and in 35 per cent of the cases to exceed this maximum normal weight 
by more than 20 gm. Detailed ease reports and individual heart weights 
are not presented. However, in view of the disagreement as to the range 
of normal weights, too much importance cannot be attached to the cases 
that .iu.st exceeded Smith’s maximum weight. No information is avail- 
able in this report as to the exact amount by which these hearts exceeded 
Smith’s maximum. There is no statement as to how many of the pa- 
tients were suffering from auricular fibrillation or .slight or moderate 
degrees of failure. It is clear, however, that nine of the eases included 
in the series showed failure. Since only sixteen of the eighty-six 

hearts weighed more than 400 gm. and only one of these weighed more 
than 500 gm., there was apparently no general occurrence of marked 
cardiac hypertrophy. In at least nine, and perhaps in all of them, the 
hypertrophy could be explained on the basis of cardiac failure. 

Parkinson and Cookson^'* reported studies of the size and shape of the 
heart in toxic goiter and included observations on forty-three autopsied 
cases. They noted cardiac hypertrophy in twenty-two of these. As their 
report contains considerable detail with respect to individual cases,, it 
lends itself to analysis more readily than those just discussed. Smith’s 
values for normal hearts cannot be applied because the series does not 
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include the patient’s usual body weight. Comparison of the pdvcn heart 
weights may be made with Walmslcy’s figures-® for normal lieart weights 
which are accepted by these authors. Wliile Parkinson and Cookson’s 
protocols contain heart weights, their conclusion as to tin; cxislenee of 
hypertrophy is based on the iiersonal opinion of the pathologist who 
described the hearts, and not on the actual weights themselves as com- 
pared with normal hearts. 

Anal.vsis of the individual ea.ses reveals the following: Only 11. of the 
43 cases exceeded AValmsley’s maximum average weight of 320 to 340 
gm. Five of these 11 patients suffered from auricular fibrillation, car- 
diac failure, or both. None of the remaining 6 hearts weighed more than 
400 gm. ; i.e., tlie hypertrophy was slight. One ca.se showed rhenmatic 
endocarditis. Some of thc.se 6 ])atients may have snfi'ered from hyper- 
tension which was said hy llie aniliors to exist in certain nnspeeified 
cases. 

If the 5 patients suffering from cardiac failure or fibrillation are ex- 
cluded from the series of 22 so-called hypertropliied hearts, the aver- 
age weight of the remaining 17 liearts is 298 gm., as compared with 274 
gm. for the group of 21 “nonliypcrtropliicd” heart.s. Tlie average weight 
of the “hypertrophied” group, therefore, exceeded tliat of the “non- 
hjTpertrophied” group hy less than 30 per cent, and was well Avithin the 
mean normal range given by AValmslcy (310 to 340 gm. for males, and 
280 to 320 gm. for females). Tims on tlie basis of heart weight. 11 of 
the 43 hearts at most eonld he considered hy])ertro])hied. Five of the.se 
11 were hearts of patients with Graves’ disease, complicated hy auricular 
fibrillation or failure, and some or all of the remaining 6 wei'e associated 
with hypertension. None of the latter 6 showed any marked degree of 
hypertrophy. 

The revicAv of those po.st-mortem studies reveals a high incidence of 
cai’diac hypertrophy in Graves’ disease. This incidence is greatly dimin- 
ished if the diagnosis of li>’pei’trophy is based on cardiac weights rather 
than on the pathologist’s gross or microscopic description. The incidence 
is further dimini.shed if dubious cases of Grave.s’ disease are omitted, and 
if cases with associated liATJertension or inflammatory or artcrio.sclerotic 
heart disease are eliminated. The remaining hj-pertrophied hearts fre- 
quently occiUTcd in patients with cardiac failure or auricular filirillation 
or both. If these cases are segregated, an indefinite, hut quite small, 
percentage of eases remains in Avhich cardiac hypertropliy of .slight de- 
gree may he asci’ihed to tlie uncomplicated Graves’ disease itself. 

PERSONAE OBSERVATIONS 

Because of the disagreement in the literature as to the incidence and 
degree of cardiac hypertrophy in Graves’ disease, and because the pub- 
lished material does not adequately permit the ncce.s.sary detailed case 
analysis, we have earefull}' studied the clinical histories and hearts of 
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twenty-sGveii cases of Graves’ disease wliicli have come to post-mortem 
examination at the j\ronnt Sinai Hospital in tiie past eleven years. An 
additional group of eases in vhich the diagnosis was not absolutely cer- 
tain or ill which the data were inadequate was not utilized. Ho ease of 
rheumatic heart disease was included. The hearts were studied anatom- 
ically both grossly and microscopically for the presence of associated 
cardiac abnormalities. In almost all eases the usual body weights (i.e., 
before the patient’s ilbiess reached the degree of severity requirmg 
hospitalization) as well as those on admi.ssion were recorded. Several 
blood pressure readings were generally available. Careful evaluation 
was made as to the presence of liypertension and cardiac failure as well 
as of auricular fibrillation. Tlie diagnosis of liypertension was made 
wlien the diastolic blood pressure was above 90 mm. or the systolic 
above 160 mm. The diagnosis of heart failure in these eases was based 
on the presence of symptoms and signs of left and right heart failure 
including orthoimea, cyanosis, peripheral edema, hepatic enlargement, 
ascites, increased venous pre.ssure and circulation time, and pathological 
evidence of chronic pa.ssive congc.stion. AYliile clinical and electro- 
cardiographic data were studied, the diagnosis of coronary artery disease 
was ba.sed essentially on anatomical study of the vessels post mortem. 

The hearts of these patients wei’e .studied with respect to weight and 
associated cardiac di.scase. The clinical history was studied with refer- 
ence to the patient’s weight, the existence and duration of auricular 
fibrillation, the presence of hyjicrtension and of cardiac failure, the 
latter being confirmed by the evidence obtained at necropsy. These 
data are presented in Table 11. 

Fourteen of the 27 cases were considered as showing hypertrophy and 
thirteen as being within the range of normal heart weights (Table III). 
Both groups liad an average age of forty-five years. Smith’s figures for 
the normal range of heart weights ,for any given body weight were 
utilized as the basis for comiiarison. The patient’s usual body weight 
was used to compute the expected normal cardiac weight. In a few 
cases in which the patient’s exact weight was not available, the heart 
was con-sidered hypertrophied if it exceeded Walnisley’s maximum 
value for the mean range of normal cardiac weights. One heart (Case 
4), included in the nonhypertrophied group, slightly exceeded the maxi- 
mum normal weight as calculated from the body weight. However, this 
heart, weighing only 250 gm., could hardly be considered hj^pertrophied. 
Furthermore, it is probable the patient had lost considerable weight so 
that the body Aveight used as a basis for calculation Avas much beloAv her 
u.sual body AA^eight. 

Six of the fourteen hypertrophied hearts occurred in patients Avho 
Avere suffering from definite symptoms of right heart failure. These 
hearts shoAved the highest percentage of hj^pertrophy of any in the 
series (40 per cent to 122 per cent beyond the maximum normal) . Three 
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of tlic six patients will) lieart failure also suffered from auricular fibril- 
lation, and there ivere tln-ee additional eases with established fibrillation 
in patients who did not show sigtiificant symptoms of heart failure. Five 
patients ivere suffering from hyiicriension, three of thc.se being included 
in the six cases with heart failure. Thus, eight of the fourteen hyjier- 
trophied hearts occurred in patients suffering either from cardiac failure 
or h^Ticrtcnsion or both. 

Of the six remaining hearts (and in these the hypertrophy was lea.st 
marked) two (Cases 8 and 18) were in patients with auricular fibrilla- 
tion; one of these and two additional cases (Cases 12 and 14) also 
showed scvci’o coronary narrowing. 7’hcre thus remained only two case.s 
(Cases 5 and 22) of hyperthyroidism 'which .showed cai’diac hyperlroidiy 
(and that only of relatively .slight degree) which did not suffer from 
cardiac failure, hj-perlcnsion, auricular fibrillation, severe coronary 
.selero.sis, or combinations of the.se conditions. Auricular fibrillation ap- 
peared to be a le.ss significant factor as regards tbe degree of hyiier- 
trophy produced than hypertension or eardiai; failure, except so far 
as it, itself, helped to produce the cardiac failure. It is also noteworthy 
that, in two (Cases 8 and 22) of the six apparently hypertrophted hearts 
without cardiac failure or hypertension, the presence of cardiac hyjier- 
tropliy was uncertain, in view of the lack of data as to the ])atient’s 
usual weight. Also three of these six eases showed severe coronary nar- 
rounng. In summary, only six of the total number of twenty-seven 
hearts (22.2 per cent) showed cardiac hypertroph.y which could not 
readily be explained as being due to severe cardiac failure or hyper- 
tension. Only two of the twenty-seven (T per cent) showed hyper- 
trophy independent of the above conditions and of severe coronary nar- 
rowing and of auricular fibrillation, and these were among the cases 
showing the .slightest degree of hypertrophy. 

In this series of cases, thei'efore, ive seem to substantiate more clearly 
the implications of our analysis of post-mortem cases in the literature, 
that cardiac hypertrophy occurs infreiiuently and only to a slight degree 
in Graves’ disease uncomplicated by cardiac failure, auricular fibrilla- 
tion, hypertension, or some associated cardiopathy. Only when these 
complications are not carefully excluded, do the figures for hypertrophy 
reach 50 per cent in cases of Graves’ disease. 

Considering the cases with nonhypertrophied heai-ts, it might he said 
that almost invariably the converse of the above is true, nameh’’, that 
in the absence of cardiac failure, hypertension, associated cardiopathy 
or auricular fibrillation, cardiac hyperti’ophy does not occur in Graves’ 
disease. Only occasional exceptions to this statement are presented. In 
one case (Case 7) there was a labile blood pressure, occasionally reach- 
ing the range which we would term hypertension. In anotlier case 
(Case 24) the systolic pressure was high, while the diastolic pressure ivas 
within normal limits. In one case without hypertrophy there was 
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auricular fibrillation of imknovni .luratioii, and in one (Case 17) fibril- 
lation only shortly before death. In none of the patients of this group 
was there definite clinical evidence of moderate or severe cardiac failure. 
In one of these cases (Case 15) there appeared to be terminal clinical 
evidence of cardiac failure (edema, elevated venous pressure, and en- 
larged Hver), but this was complicated by the finding of hepatic cir- 
rhosis at autopsy. In another ease (Case 25), while there was no clin- 
ical evidence of cardiac failure, post-mortem examination showed some 
evidences of pa.ssive congestion of tlie viscera. "While there Avere many 
small hearts in this nonhypertrophied group, none of them could be 
truly said to have shown atrophy, as measured by Smith’s normal stand- 
ards. In summarizing the entire group, it appears that there is an al- 
most perfect correlation between uncomplicated Graves’ disease and 
normal cardiac size and likcAvise an almost perfect correlation bertveen 
the occurrence of hyperti'ophy and the presence of hypertension, cardiac 
failure, cardiopathy, and auricular fibrillation. 

CIRCULATORY DYNAAIICS OF GRAVES’ DISEASE AS RELATED TO CARDIAC SIZE 

The various observers who have accepted the existence of cardiac 
hypertrophy in Graves’ disease have attempted to explain its occur- 
rence either on the basis of myocardial damage or on the mechanical 
effects of altered circulatory dynamics. The studies of Means and 
Hiehard.son,**" McEachern and Eakc,’** Rake and McEachern,"*^ Weller 
and his coworkers, Thomas,-^ and others indicate clearly that the 
amount of demonstrable myocardial damage is inadequate to explain the 
development of cardiac hypertrophy. In our detailed macroscopic and 
mieroseoinc study of the above cases we were likewise unable to find 
anj’’ constant significant pathological alterations Avhich could be ascribed 
to Graves’ disease. Of course these findings do not preclude the possi- 
bility that the exeessi^m or abnormal thjwoid secretion may have caused 
sufficient functional damage to lead to fibrillation and cardiac failure. 
In the latter event, cardiac dilatation and hypertrophy could occur sec- 
ondarily as a result of failure. 

The most significant changes in circulatory djuiamics generally ac- 
cepted as occurring in Graves’ disease include tachycardia, increased 
pulse pressure, Avidening of tlie periplieral vascular bed, increased speed 
of the circulation, increased blood Amlume, increased venous return to 
tlie heart, and increased minute cardiac output. These factors have 
been invoked singly and jointly to explain cardiac liypertrophy in 
Graves’: disease. Boas'*’’ pointed out that the ve.ssels in the th.AU’oid 
gland may become so enlarged that an arteriovenous fistula is simu- 
lated in this organ. He belieA^ed that this may play a part in OAmrload- 
ing the heart by producing an increase in the minute output. This in 
turn may contribute to dilatation and hypertrophy and ultimately to 
failure. Many authors have explained the development of cardiac hyper- 
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trophy as tlie result of increased cardiac work. Tliis point of view in- 
dicates essentially tliat the increase in cardiac wei{?ht oecur.s in Grave.s’ 
disease as tlie result of work hypertropliy. 

There is considerable evidence that work hypertrophy in this sense of 
the term does not occur. (Horvatli,'*'' von Fi'cy,’"’ IJascbroek,''^' von 
^Yeiszacker,-’‘ etc.) Aecordinfr to 'Wif'gers,^® an increased minute vol- 
ume or a tachycardia does not. in itself result in cardiac hypert roi)hy. 
Without reviewin" the varied cx])erimon1al, clinical, and patholojrieal 
evidence supportiu" these conclusions, it need merely be cm})luisizcd 
that all observers, even those reporting the occurrcju-e of hy])ert)'opl)y 
in Graves’ disease, admit that normal cardiac size is at. least as fre- 
quent. Since tacliyeardia aiid increased minute outjnit are pracdically 
invariable in Graves’ disin.se, one would expect few or no exception.s to 
the occurrence of hyj)erti'opliy if these factors in themselves were capa- 
ble of producing it. 

Tlie best availalilo evidence indicates that cardiac dilatation and 
liyperlrophy are, in general, respon.so.s to an increased diastolic tension 
or lengthening of the cardiac muscle fibers. Such increase in tension 
results from any factor which increases the diastolic volume of blood in 
the cardiac chambers. When this occuns, the effect of the dilatation 
with the consequent increase in diastolic tension results in a more force- 
ful contraction and inerea.scd .sy.stolic output, thus enabling the heart 
to eject the larger quantity of blood (the law of the heart). Hyper- 
trophy is apparently the result of the same stimulus as dilatation but 
requires time for its development. If the cardiac rate is constant, dila- 
tation and eventually hypertrophy occur as a result of factors which 
(1) either increase the resistance to outflow from the heaif, (2) in- 
crease the inflow to the heart, or (3) produce sevei’e myocardial weak- 
ne.ss. The first two are mechanical factoi-s which explain the occur- 
rence of hypertrophj’ in vahmlar disease, essential hypertension, and 
arteriovenous aneurysm, as well as the cases of Graves’ disease with 
hj’pertension. In the third group the cardiac muscle suffers intense 
damage so that it is unable to expel its normal diastolic content of 
blood, and it undergoes dilatation and hypertrophy in an attempt to 
compensate for the increa.sing residuum of blood. This is the explana- 
tion for dilatation and hypertrophy in various forms of infectious myo- 
carditis, in occasional cases of severe coronary sclerosis and thrombosis, 
and with intense toxic damage to the myocardium, such as probably 
occurs in Graves’ disease when the heail is injured sufficiently to cause 
failure. This explanation could apply to the cases in the above series 
in which cardiac hypertrophy was present in eases of Graves’ disease 
associated with right and left heart failure. 

In the cases of Graves’ disease unassociated with cardiac failure or 
hj-pertension, there is neither adequate myocardial damage nor increased 
resistance to outflow to lead to cardiac hypertrophy. However, the 
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various changes in circulatory dynamics all tend to produce a marked 
increase in the venous return to the heart and increase in cardiac out- 
put per minute. There are two compensatory mechanisms for handling 
the increased venous return ; namely, by an increased rate of cardiac 
contraction with the same output per heat, or hy a constant rate with 
increased ejection pei‘ heat. Rotli of these may be increased in vary- 
ing degree. 

As stated above, the tachycardia in itself will not result in dilatation 
and hypertropliy. These will occur only to the extent tliat the increase 
ill cardiac output results from an increased diastolic volume and con- 
sequent increased systolic output. In cases of true arteriovenous aneu- 
rysm, the increased return to the heart is e.ssentially handled by an in- 
creased systolic output since there is no significant tachycardia. Thus, 
cardiac hypertrophy of marked degree is generally jiresent. In Graves’ 
disea.se, however, a significant tachycardia is an e.sscntial feature of the 
disease. The occurrence of hypcrfroplnj depend!! on the extent to ivhicli 
the increased, cardiac output per minute is due to an increased output 
per heat. In other words, sy.stolic output rather than minute volume 
is important in the ]n'oduction of cardiac hypertrophy. 

The iinjiortance of the systolic output rather than of the minute out- 
])ut in determining cardiac hypertropliy in Graves’ disease has hardly 
been considered except in a brief comment by Harrison.’*® There is, 
furtliermore, no uniform agreement as to whether the output per beat 
is actually increased in Graves’ disea.se. In some of the reports indicat- 
ing a marked increase in the minute cardiac output, there is no state- 
ment as to the stroke output nor are there adequate data from which this 
can be computed. The findings of Field, Bock, Gildea, and Lathrop,"® 
of Davies, l\Ieakins, and Sands,'”’* sliowing an increased .stroke output, 
and of Babinowitch and Bazin”’® and of Plesclr”’® showing a slight 
diminution in .sy.stolic output have been subjected to criticism because 
of the questionable accuracy of their methods. The more recent state- 
ments that the sy.stolic output is increased in Graves’ disease depend on 
Ihc observations of Fullerton and Harrop.®'* These authors studied the 
cardiac output in eight cases of Graves’ disease before and after lugo- 
lizatioii and thyroidectomy. Both the minute volume and the systolic 
output .dimini.shed after thyroidectomy. They, therefore, concluded 
that the s 3 "stolic output had been elevated in these cases before treat- 
ment. An analysis of their figures, however, shows that the average 
sj^stolic output before, operation was 57 c.c. which is slightly less than 
Groll mail’s^”’ average of 62 c.c. and well within the range of 38 to 84 c.c. 
for normal individuals. Since their average minute cardiac output of 
5.5 1. is considerably higher than GroUman’s average of 3.87 1. per min- 
ute for normal persons; it is clear that, while the minute volume was 
definitely elevated in their cases of Graves’ disease, this elevation was 
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entirely due to tacliyeiu'dia, Tlio reduction, in systolic output from an 
averayoj normal figure to a lo\r normal one following treatment cannot 
be taken to indicate that the original value was abnormally high. Thus 
the experiments of Blalock and ITaj‘risou‘''= on normal dogs indicate that 
thyroideetoniy can cause a reduction in systolic output, even when this 
is originally normal. Furthermore, they found that on feeding thyroid 
to animals, the cardiac output could he increased purely as a re.suH of 
tachycardia, the .sy.slolic output in fact hehig diminished. Bansi" and 
Bansi and Groscurtlr'’'’ found that the stroke volume tended to he dimin- 
ished in Giraves’ disea.se. Finally in eleven cases of uncomplicated, fully 
develo])ed Graves’ disease, Liljestraud and Stcnstrom'’'’ found a marked 
increase in cardiac output, hut the .s.v.stolie outj)ut was within normal 
limits. The average .sy.stolic output was 63 c.c. and the range was he- 
Iween 49 and S3 c.c. This corresponds to Grollman’s average of 62 c.c, 
and range of 38 to 84 c.c. for normal individuals. 

Thus there is no convincing proof that the .systolic o\it j)ut is increased 
in Graves’ di.sea.se. The considcrahlc increa.se in minute output i.s 
brought about entirely or almost entirely hy means of an inci’ca.sed pulse 
rate, the dia.stolic volume of the heart remaining constant. On this 
basis one would expect that hypertrophy would he cither entirely absent 
or very slight in Graves’ disease. An analysis of actual cardiac weights 
.such as we have presented su])ports these thcoi-etical considerations. 
The occasional instance in which hypertrophy is pro.sent (independent 
of cardiac failure, associated cardiopathy, fibrillation or hypertension) 
may he explained either hy the uncertainty as to the exact range of nor- 
mal cardiac weights or hy the fact that patients may differ somewhat in 
the extent to which the tachycardia will completely compensate for the 
increased venous return to the heart. Thus, occasionally, as seen in tlie 
figures of Fullerton and Harro]),’^'* in addition to the tachycardia a pa- 
tient may show a .slight absolute increase in his .sy.stolic output. In such 
a case there will be a slight degree of cardiac hypertrophy. 

Our observations indicate that, so far as hypertension is a factor in 
the production of hypertrophy, this may be only of the .systolic 
variety. Purthermoi-e, a high pulse pressure in the absence of either 
.sy.stolic or diastolic hypertension did not cause hypertrophy. 

The relationship of established auricular fibrillation to the develop- 
ment of cardiac hypertrophy is not entirely clear. There are no ade- 
quate studies on the effect of established auricular fibrillation on heail 
size in the absence of organic heart disease. When auricular fibrillation 
is present, it is almost invariably associated witli clinical evidence of 
organic heart disease, as indicated by the recent report of IMaher and 
>Sittler.“® The very presence of this arrhythmia is indicative of a I’ather 
marked toxic effect on the heail. Almost always the fibrillation, if pro- 
longed, is associated with cardiac failure. The failure probably results 
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from the same toxic injury to the myocardium tliat produced the auric- 
ular fibrillation, but the deTelopment of fibrillation may hasten or pre- 
cipitate the onset of failure. 

Ill two of our eases included among the hypertrophied hearts, there 
was auricular fibrillation without hypertension or cardiac failure. One 
of these (Case 18) showed the next to the least degree of hypertrophy 
in the series. In the other (Case 8) the presence and degree of hyper- 
trophy were uncertain because tlie patient, ’s bodj' weight was unknown. 
Since in a third ease with established fibrillation (Case 6) there was no 
hyiiertrophy at all, liypertrophy is not an invariable consequence of tliis 
arrhythmia. When hypertrophy did result, it could be postulated that 
the fibrillation was already as.sociatcd with early cardiac failure insuffi- 
cient to show expert clinical signs. On fim other hand, tliese two cases, 
as well as the other two of uncomplicated Graves’ disca.se shoxving 
cardiac Inqiertrophy, might lie interpreted as forming that small per- 
centage in xvhich the increased minute cardiac output is partly effected 
by a minor increase in stroke output witli consequent develoimient of 
hypertrophy. 

SUMMARY 

1. A study was made of tlie occurrence and pathogenesis of cardiac 
hypertropliy in 27 fatal ca.ses of Graves’ disease, in which tlie hearts 
were studied anatomically. A heart xvas considered hypei’trophied if its 
weight exceeded Smitlrs standard of maximum normal lieart weight for 
a given body xveight and sex. In a few cases in which body xveights 
xvere not availalfie, a lieart xvas considered hypertrophied if it exceeded 
"Walmsley’s maximum for the mean range of normal lieart weights. 

2. Among these twenty-seven cases cardiac hypertrophy xvas found 
present in fourteen (52 per cent) and absent in thirteen. 

3. The six hearts showing the greatest degi'ce of hypertrophy (40 to 
122 per cent increase in heart, weight) occurred in patients with xvell- 
marked right heart failure, associated in some cases with hypertension, 
severe coronary sclerosis and narrowing, or established auricular fibril- 
lation. In two other eases with moderate cardiac hypertrophy there 
was essential hypertension without cardiac failure. Two other patients 
xvith slight or uncertain hypertrophy had suffered from established 
auricular fibrillation and in one of these there was also severe coronary 
sclerosis. 

4. Only four of the txvcnty-sexmi cases of Graves’ disease (14 per 
cent) showed cardiac hypertrophy independent of cardiac failure, essen- 
tial hjqiertension or auricular fibrillation. In two of these, there was 
marffed coronary sclerosis. These eases .showed the milde.st degree of 
cardiac hypertrophy; Thus only two cases (7, per cent) shoxved cardiac 
hypertrophy (of very slight degree) independent of the various patho- 
logical states just mentioned. 
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5. A study of the literature reveals an almost general agreement tliat 
cardiac ejilargement or liypcrtrophy occurs in from 30 to 50 per cent 
of tlie cases. Tlie implication in those reports is that tlie cardiac en- 
largement is a direct eonscqnenec of Graves’ disease, hut no adequate 
explanation is provided as to why cardiac enlargement is not invariably 
present, or what specific factors determine the occurrence of enlarge- 
ment in some cases but not in others. Considering only the autopsied 
eases, it is evident that where s])ecific ease rejjorts are avai]a])le, such 
hypertropliy occurred almost invariably in a.ssociation with cardiac fail- 
ure, essential hypertension, auricular fibrillation oi- .sevejo coronary 
artery disease. 

6. The eommone.st exifianation of cardiac hypertrophy in Graves’ dis- 
ease is that it results from the increased work of the heart, as indicated 
by increased cardiac out])ut. It is pointed out, however, that increased 
cardiac output in Graves’ disease is almost always due to tachycardia 
alone, while the systolic output, almost invariably is not elevated. Since 
dilatation and hypertrophy depend on the increased diastolic tension 
which would be translated into inerea.sed systolic output, there should 
theoretically be no significant hypertrophy in inicom plica ted cases of 
Graves’ disease. 

7. The relationship of cardiac failure, hypertension, and auricular 
fibrillation to cardiac hypertrophy is discussed. 

8. It is concluded that cardiac hypertrophy in uncom]dica1ed Graves’ 
disease is quite uncommon and is of .slight degree. "When pi’csent in a 
given case it indicates that the incrca.sed eai'diac output in that case 
was effected not only by tachycardia but also by an increased .sy.stolic 
oixtput. 

The authors wi.sh to thank Dr. R. Txiwipohn and Dr, Edwin Bner for tlie use of 
the ca.«e.s on their pervice.s. 
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SUBACUTE STEEPTOCOrCVS VIBIDANS ENDOCAEDITIS 
—FAILURE OF HmiAX- BOIUNE TRANSFUSION 
AND SERUM THERAPY* 

Eugene S. Kilgore, M.D. 

San Francisco, Calif. 

'"T^HREE tlierapeiitic failures are here put on record because in them 
* the trials of human iminnnc transfusion and serum therapy were 
carried farther than would be possible ordinariby, and farther than 
in most of the hitherto reported like attempts. 

Similar treatment of this disease in amounts comparable to those 
here employed has been described in satisfactory detail for only three 
or four previous cases. Lamb^ jiave 2,600 c.c. immune blood in the 
course of several transfusions and later gave serum from an immunized 
horse. His patient died and apparently received no more benefit from 
the immune blood than he would have from noniinmune transfusion. 
A patient of Howell, Portis, aiul Beverley^ died after receiving 3,100 
c.c. whole immune blood in twelve transfusions. Kurtz and White, ^ 
after withdrawing 1,000 c.c. blood from their patient, transfused 1,800 
c.c. at once from three immunized donors, and in the next fifteen weeks 
gave five 500 c.c. immune transfusions. Their patient died after a 
seventeen months' illness, and they recognized no appreciable beneficial 
effects of the treatment. 

Kurtz and White analyze the literature on the immune hemotherapy 
of this disease, and refer to the reports of Wordley,^ Robertson,^ 
Dick,*^ and of Howell, Portis, and Beverley- as encouraging. As al- 
ready stated, the patient of the last named authors died — one week 
after the last transfusion — and the encouragement was derived merely 
from the apparent clinical imiirovement for a few days following each 
transfusion and from some increase in the patient's agglutinins for 
the infecting organisms. Wordley's patient recovered after three 
“immunotransfusions" (amounts not stated), and Dr. Wordley now 
kindly writes to me that the man is still well, ten years after treat- 
ment. The donors were immunized with stock vaccine, not the patient’s 
organism. Unfortunately I cannot feel with Kurtz and White that 
this Avas a typical case of subacute bacterial endocarditis. Blood 
cultures Avere sterile ; the feA’^er apparently Avas more Adolent than most 

, ,*Prom the Department of Medicine, University of California Medical School. 
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commonly occurs in tliis disease; there were petechiae and sudden en- 
largemcul and tendenicss of llie spleen but not the so common small 
tender cutaneous nodules; and the diagnosis of valvulitis rested onl}' 
on roduplicatioji of tlie first heart sound at one lime, a soft apical 
systolic murmur at the height of llie fever, and a “blurring of the 
first cardiac sound on exertion’^ after recovery. 

Robertson reports no case of his own, hut refers to one published 
b,y Ile.vd." This patient was given “about six transfusions of from 
200 to 350 c.c.” from a donor previously immunized to the Rirepto- 
eocens viriduna obtained from tlie patient's blood; and “at the end 
of three months the blood enliure was negative and clinically the 
patient was cured." No diagnostic details are given other than the 
designation “a ease of endocarditis"; and Dr, Ileyd write.s jue that 
he has no knowledge of the patient's later liistor.v. In view of ll)e 
frequency of j*emissions, this report Avonld he unacceptable evidence 
of a cure even if satisfactorv diagnostic data were supplied. Dick's 
patient received within a few days four transfusions of 25 c.c. each 
from an immunized donor, was Ihoiiglit to feel better after each, but 
died .snddeni.v two days after the last. Since the paper by Kurtz and 
White, Sinek’^ has desci'ibed two further trials of immune transfusion.s 
for this disease, apparentl.v in small amounts. Both were failures. 

CASE REPOnTS 

Ca.sf. 1. — (Referred by Dr. .T. L. Mudd of Merced, Ciilif., and treatment carried 
out by him.) A rancher, aged twenty-five year.*!, came from Italy to California ten 
years ago. He denied Iiaving had rheumatism previou.^ly and all oflier, infectious dis- 
eases except “influenza” for a few days in 3928 and nondisabling pain in finger.®, 
wrists, .and ankles for a few weeks iii 39.30. In August, 3932, tliere were vague, 
bilateral eliost pain, albuminuria with a few casts and many Inieteria, 3.3,000 white 
cells, and 3,500,000 red cells: he continued work. In early December, 1932, he had 
sore throat, headache, and anorexia, A week later he quit work iKJcuuse of a swollen, 
painful wrist; in a few days the wrist improved, and an ankle swelled and hurt; 
and from then on he suffered migrating pain without swelling in various joints 
and muscles, with malaise, anorexia, con.stipation, loss of 'weight, low fever, frequent 
night sweats, and an occasional chill. Twice in January, 1933, he had rather .“cvcrc 
pain for one day — once in the left flank, once in the right flank. Hospital observation 
in .San Francisco, .Tunuary 23-30, revealed a rather thin and pale man, with a small, 
tender, slightly elevated, but not discolored, spot the size of a pinliead on one finger 
pad, another on one palm — both spots disappearing in two or three days. The 
apex impulse and dullness Averc 2 cm. outside nipple line Avith soft blowing systolic 
murmur at .apex; blood pressure AA'as 110/85; liver and spleen Averc not enlarged; 
and remainder of ph 3 -sical examination Avas not remarkable. Some albuminuria 
Avas present AA-ith a few hj-aline and granular casts and leucocj'te.s ; liemoglobin, 02 
per cent, red cells, 3,480,000; AA'hite colls, 32,150 (90 per cent neutrophiles) ; IVa-sscr- 
mann test, negative; electrocardiogram, normal. Slrcj>tococcus viridans in tAvo blood 
cultures. 

Irregular fever, usuallj- 38° to 39° C. and oeca.sionally 40° C. in the afternoon, 
continued during hosi)itali7.ation and thereafter. Small, tender, reddish, indurated 
spots api)eared repeatcdlj' on various parts of the hodj', and scA-eral times deeper 
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pain lasting for a day or two %Yas interpreted as embolism to the spleen and elsewhere. 
A third blood culture in March and a fourth in April remained sterile after ten 
days' incubation; a liftli in !May produced the same organism. Before beginning the 
transfusions in March the heni tglobin had declined to 42 per cent and the red cells 
to 2,820,000. 


Treatment . — ^^In addition to .^yaijitoraatic measures, immunotherapy was attempted 
with the cooperation of six of tlie patient ’s relatives — all robust men, with negative 
M assermann tests, aged about twenty-five to forty-iive years. Under the direction 
of Dr. Ivarl -]Meyer, vaccine was ju-eparod from the patient's organism (Strepto- 
coccus virirlans alpha) without heal, tlm organisms being killed by merthiolate 
1:5,000 and used in a dilution of l,00i>,i'O() to the cubic centimeter in normal salt 
solution. In rotation each of the subjects was given vaccine subcutaneously about 
as follows: 0.1 c.c. (in some 0.2) every other day for three doses j four or five days’ 
rest; three do.«es of 0.4 c.c. at forty-eight-hour intervals; then a similar rest period 
followed by throe doses of 0.6 c.c.; another rest; and finally three doses of 1.5 c.c., 
the whole, initial period of immunization lasting about thirty-three days. Following 
this their serums all .showed a moderate agglutinin response (3- or 4-plus reaction 
in 1:40 dilution), whereas it had been weak or absent in a 1:20 dilution in the early 
stage of immunization; and they were then used to contribute whole blood or serum. 
7’wo or three of them who .served in the later treatments were given several more 
1.5 c.c. do.ses of vaccine. By direct matching of bloods, four were reported satis- 
factory for blood donors. IVith the u.'<e of two of these, however, reactions occurred, 
and thereafter their blood as avoU as that of the two who did not match was used 
for the production of serum. Two serv(>d repeatedly for transfusions, the citrate 
method being used. Over a period of sixty-five days, seven transfusions and seven 
intramuscular scrum injections were given the patient, the last one a week before 
his death. The dates and amounts w('re as follows (B indicates transfusion of 
citrated blood, S indicates .scrum, and tlie numerals indicate quantities in c.c.) : March 
25, 1933, B 200 (chill interrupted tran.^^fusion) ; March 31, B 250; April S, B 300; 
April 17, B 50 (tran.sfusion again interrupted by reaction); April 20, S 140; April 
24, B 270; April 28, S 93; May 2, B 300; May 4, S 130; May 8, S 125; May 13, 
S 90; May 19, B 290; May 24, S 115: May 29, S 55. Total whole blood, 1,660 c.c.; 


total .serum, 748 c.c. 

. It was thought- at times that the temperature was lower and that the patient felt 
better for two or three days after the transfusions or serum injections. A review of 
the chart, however, shows no consistent eft'ect of the treatments; and the temperature 
was . so irregular before treatment began that the few apparent remissions after 
treatments may be attributed to chance variations. Streptococci were found in the 
blood stream after six Aveeks of the treatment. The patient gradually lost strength 
and died .Time 6, 1933. IsTecrop-sy permit was refused. 


Case 2. — Housewife, aged forty-five years, Avas born and brought up in Hungary. 
She had always been strong and Avell, and denied haAfing had rheumatism and all other 
infectious di.scases. In mid-July, 1935, .she complained for three or four days of 
pain in the right flank and lower back. A few days later there Avas pain for a day 
or two in the right leg. Examination then showed slight paleness, a rather ''bumpy” 
first lieart sound AAitli blowing systolic murmur at the apex, a little tenderness but 
no swelling in the right calf, and on the palmar surface of one fingertip a tender, 
slightly elcAmted, pink spot the size of a pinliead. Two or three similar spots had 
been observed in the preceding Aveek, each lasting a day or tAA'o. OtherAAdse physical 
examination Avas not remarkable — no evidence of cardiac or splenic enlargement, 
no suggestion of focal infection in mouth or throat. There Avere a slight trace of 
albumin, a fcAV hyaline and granular casts and leucocytes in the uz-ine. Hemoglobin 
was 56 per cent; red cells, 3,390,000; Avhite cells, 10,500; neutrophiles, SO per cent; 
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small lymphocytes, 16 per cent; eosinopliilcs, 1 per cent; transitionals, 3 per cenf. 
Wassermann test negative. From Aug. 5, 1935, to her death January 8, 1930, the 
patient was observed in hospital. Streptococcus viridaus was obtained in the first 
blood culture. There was continuous low grade fever. 

Treatment— On the advice of Hr. Karl Meyer, the pro.spectivc donors for this 
patient were immunized with the paticnt’.s organi.sm prepared and ndniini.stered ac- 
cording to the tcchnie of Dr. A. P. Krucger.o The " undenatured ” vaccine (or- 
ganism.s killed mechanically without heat or chernicahs) was prepared through Dr. 
Krueger's court e.=y in his laboratorj’, 1 c.c. of the vaccine containing 1,000,000 
organism.*-'. Each donor was immunized by hypodermic injections as follows: First 
day, 0.2 c.c.; second day, 0.2 c.c.; third day, 0.2 c.c.; fourth day, 0.3 c.c,; .sixth day, 
0.3 C.C.; eighth day, 0.4 c.c. On or soon after the tenth day he was bled. O’hercafter, 
to maintain immunitj', he was given 0.3 c.c. twice a week; or, if he liad not received 
this su,staining immunization regularly, lie was given 0.3 c.c. three time,*? on alteniate 
days before his next blood donation. 

The immune donors consisted of the patient’s husband, son, and five other healthy 
young men, all Wassermann negative. Tlirec were utilized for direct transfusions; 
the other four contributed blood, the .seruin from which was injected intramuscu- 
lari}-. In the following treatment record B indicates direct blood tran.sfusion, S in- 
dicates scrum injection, and the numerals indicate quantities in c.c.; August 28, 
B 380; September 1, S 23; September 3, S 35; September 4, S 32; Seplembcr 5, S 40; 
September 7, S 50; September 8, S 51; September 9, S 53; September 10, S 40; 
September 11, B 420; September 20, S 10; September 21, B 50; September 24, S 7; 
September 25, S 40; October 10, B 450; October 29, S 50; October 30, S 50; 

November 2, S 45; November 7, B 450; November 23, S 50; November 25, S 50; 

November 28, S 50; December 11, S 45; December 13, B 510; December 14, S 50; 

December 16, S 32; December 20, S 50; December 24, S 55; December 20, S 42; 

December 28, B 510; December 30, S 50; .Tanuary 2, S 50. In the four months’ 
treatment a total of 2,720 c.c. whole blood and 1,100 c.c, serum was admini.«tercd. 

One of the tran.sfusion.s was folloa-ed by a mild chill and a fever peak, then lower 
temperature for a few days; but on the whole the low, irregular fever characteristic 
of the disease remained a.s it had been before tre.almonf. Embolic phenomena con- 
tinued to appear on the fingor.s and elsewhere, and on December 11a .second blood 
culture produced Streptococcus viridans. Except for atrial fibrillation for n day or 
two near the end, the heart sign.s were unchanged. The patient died by gradual 
exhaustion. Necropsy was not permitted. 

Case 3. — (Seen in consultation with Dr. Albert C. Daniels of San Itafael, Calif., 
who made the diagnosis and conducted the treatment.) A man aged twenty-two 
years, who had liad rheumatic fever at the age of fourteen years, began to lo.se weight 
and strength in January, 1936. In Slarch he had several chills, and from then on 
was hospitalized and had continuous irregular but usually high fever. The fingers 
were slightly clubbed ; the heart was enlarged, with loud systolic murmur and later a 
faint early diastolic murmur. There w'as a moderate .secondary anemia and leiico- 
cytosis. Small petecliiae appeared on the skin and conjunctivae at time.s. The spleen 
was not demonstrably enlarged. Several blood cultures yielded Streptococcus viridans. 

Pending immunization of six donors with bis own organism (by the method de- 
scribed for Case 2), the patient was given .several nonimmune tran.sfusions. In the 
fifteen-day period April 13-28 he received eight tnin.sfu.sion.s and four intramuscular 
injections of blood from the immunized donors — a total of 2,450 c.c. The citrate 
method •was used; there were no reactions. A blood culture taken three day.s after 
the last dose of immune blood produced five colonies of Streptococcus viridans per 
cubic centimeter (before treatment one culture Ivud shown 8 and another G colonie.s 
per cubic centimeter). 
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Later the patient was given three injections of gentian violet; o, S, niul 10 milli- 
grams per kilogram of body weight, respectively. Blood culture taken on the day 
following each injection showed respectively one, four, and five colonies per cubic 
centimeter. 

. After some of the transfusions, and after the first gentian violet injection, the 
patient xn'ofessed to feel a little better; but throughout the treatment there was no 
consistent amelioration of the fever and gcner.al decline. He died in mid-.Line. 
Necropsy was refused. 

SUMMARY 

111 three cases of siihaeiite Sireplococcm viridans endocarditis, groups 
of volunteers, imnnniized vdth the patients’ organisms, contributed 
blood bv direct ti-ansfusion or (when incompatible) blood serum or 
blood for intramuscular injection. One patient, in a tivo-month period, 
received 1660 e.c. blood and 748 e.e. serum; another, in four months, 
2720 e.c. of blood and 1100 c.c. of scrum ; and the third in 6fteen days 
received 2450 c.c. blood. All three were '‘improved” in their own and 
their families’ opinion, but in none could I see any beneficial effect 
other than temporary relief of anemia and the psychic uplift to be 
expected from any strange and elaborate treatment. Blood cultures 
remained po.sitive; embolic phenomena and irregular fever continued; 
and the patients gradually failed aiul died in the usual coui*se of the 
disease. 

In the meager literatiu-e of intensive immune heinotherapy for this 
disease and in the more numerous reports of less serious efi’orts I find 
no unequivocal record of success. 
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PEESISTENT HICOOUGHS AS THE SOLE SYMPTOM OF 
THOE ACl C ANEUE YSM® 

Eeport or A Case 

S. A, IjOewenijkhg, M,D., axd II. C. March, 

Phieauelphia, Pa. 

T his ease is bcmg i-eiiorlcd to call aUenlion to the variability of 
symptoms in lover thoi'acic aneurysm. The only temporai*y dis- 
comfort noted by this patient was persistent and continuous hiccoughs. 
In spite of the intratlioracic crowding and the erosion of four dorsal 
vertebrae, neither chest pain nor eii-culatory or respii-atory embari-ass- 
ment was present. 

B. P., iiiiile, colored, aged flfty-fotir ycar.s, w.hp adinifted to tlio Plnladelpliia 
General Ho.'jpital on Isov. IS, willi the chief complaint of jiorsistent hiccoughs. 

He .stated that he had heon. perfectly well until four day.^ before admi.ssion to the 
hospital, when he developed a sen.se of “giddinc.^.s In the head” and a dull ache in 
his right loin, which did not radiate. Thc.«e sensations gradually disa])pcared within 
two days and were followed hy hiccoughing, which was present constantly day and 
night up until admission to the hos[)ital four days later. 

His past history was negative e.xcopt for typhoid fever at the age of twenty- 
seven years. No hisiory suggestive of sypinlitie infection could be obtained from 
him. His family hisiory was negative. Ho was a stevedore by trade and worked 
steadily until he developed diz7,ine.ss and pain in his right loin, that is, until four 
days before he came to the hospital. He denied the use of alcohol. 

On examination tlie patient appeared to be a weil-dcvclopcd and moderately well* 
nouri.shed male negro, looking considerably younger than his stated age. He was 
hiccoughing continually and appeared somewhat fatigued by this ordeal. 

Tliere was a slight bilateral arc.us senilis; the tonsils and pharvmx were injected 
but caused no .symptoms. Tlie lung tliidings were negative except for re.stricted 
diaphragmatic excursions at tlie right base. E.xamination of the heart .“bowed a 
diffuse proeordial impulse, and a pulsation was visible in the first and .second inter- 
spaces to tlie right of the sternum, over which area a thrill was palpable. There 
was also a slight pubsution over the lower portion of the sternum. The apex beat was 
palpable about 8 cm. to the left of the mid.stcrnal line in the fifth intercostal .space. 
On percussion, the left border of the heart approximated the position of the apex 
beat, while the right border of the heart extended to about 8 cm. to the right of the 
right sternal line. The supraeardiac area of dullness was definitely enlarged, 
measuring about 10 cm., the enlargement being chiefly to the right. The heart 
sounds were of fairly good muscular quality. A loud, liarsh, .sy.stolic murmur 
nas heard over the entire precordium. This murmur was of greater inten.sity and 
ajipeared somewhat more deep seated to the right of the sternum, while to the left 
of the .sternum it gave the impre.“sion of being superficial and resembled, in qualitj', 
a pleuro pericardial friction sound. Tlie heart rate was somewhat rapid though 
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the rhythm was regular. I’hc blood pressure in both arms was 330/75. '\^uth the 
exception of an atrophied left testis and a fairly rigid .spine, no other abnormal 
physical signs were found. 



Eig. 1 , — Showing size of heai-t and aortic .slnulows. 

Pig. 2. — Showing di.splacement and partial compression of esopliagus (lateral view). 

Pig. 3. — Showing displacement and partial compression of esophagus (anterior 
view). 

Pig, 4. — Showing erosion of ninth, tenth, eleventh, and twelfth dorsal vertebrae. 


Lnhoraiory Examination . — ^Urinalysis showed nothing abnormal. Blood sugar 
was 102. The blood count was within normal limits. Blood urea nitrogen was 11 
mg. Blood Wassermann reaction was four-plus. 
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lloentffcvohgical Examination . — An x-rny film of tlic chest revealed a large, fairly 
honiogenc! iin dense shadow neciipying llio area of Uie lieart and the great vcshoIh; 
the increase in size of this shadow above the normal appeared to bo due chiefly to 
an aorta, markedly and dilTuscly dilated (Fig. 1). This finding was confirmed by 
fluoroscopic examination. The left border of the cardiac and the supracardiac 
dullness obtained by percussion did not extend us far to the left as the film indicates, 
because the descending aorta produces the left border of the roentgen shadow and 
it is not readily brought out by percussion, A lateral view of the chest showed the 
sweep of the dilated aorta. Fluoroscopic examination wtis made with barium in the 
esophagus, and the films were taken. The.se arc shown in Fig.s, 2 and It is 

seen that the esophagus is displaced to the left and markedly anteriorly by a 
rounded mass, the size of a smtill grapofriiit, behind and below the heart, at the level 
of the diaphragm. Figure 4 .shows a lateral view of the lower dorsal vertebrae 
and shows erosion and destruction of the anterior parts of the bodies of the ninth, 
tenth, eleventh, and twelfth dorsal vertebrae by the pulsations of the aneurysmal 
mass. 

The electrocardiogram, with the exception of flattening of the T-waves in Lciid I, 
showed nothing abnormal. 

"While he was in the ho.spital, various methods sindi as gagging, the induction of 
emesis, .sedation, rebroathing into a bag, CO, inhal.ations, and ethyl chloride freezing 
of the area overlying the plirenic ner%'c in the neck were employed in an effort to 
stop his hiccoughs. All the.se methods appeared elTectivc for only a short time; the 
hiccoughs soon returned. However, they disappeared spontaneously on the patient's 
ninth day in the hospital. Another attack of hiccoughing oc(;urred tliree niontli.s 
after his discharge from the hospital and was brought about by an unusual amount 
of strain while working as a stevedore. The attack lasted six days and disappeared 
spontaneously after a eoiuplete re.st in bed. During tlic intervals when the biecouglis 
were stopped, the patient felt well, and he claims lliat at no time had he any pain in 
his chest, back, or abdomen. This is rather remarkable in view of the vertebral 
destruction. 

SUMMARY 

This case is of interest because it illustrates the fact that aneurysm 
of the thoracic aorta, while presenting definite physical .signs, may not 
cause any pressure symptoms or other subjective signs usually found 
in tliis condition, particularly wlien associated with erosion of the bodies 
of some of the vertebrae. Hiccoughing was the only sign. It occurred 
only following severe strain, and disappeared after a period of complete 
rest. The patient also has an extensive fusiform dilatation of the 
ascending, tranverse, and descending aorta as the result of syphilitic 
involvement of these structures. The lack of pain, wliile not very un- 
usual, is noteworthy. 
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Gottdenker, F., and Bothkerger, C. J.: Lactic Acid Metabolism of the Spon- 
taneously Failing Heart, and in the Heart Poisoned With NaF, Monoiodoacetic 
Acid and With Enphylin. Pflviger ’s Arch, f • d. gcs. Physiol. 237 : 50, 10.3(5. 

Kxporinients wore -made on (lie heart -lung preparation of the dog. In failure 
the lactic acid consumption decreased, and the heart even gave up lactic acid. 
XaP, monoiodoacetic acid, and euphyliu inhibited lactic acid metaboHsm; the 
latter two at first, however, increased its metabolism. 

L. N. K. 

Strauss, L. H.: Inhibition of Experimental Atherosclerosis hy Potassium Iodide 
and Colloidal Silicic Acid. Ztschr. f. exper. ]Med. 98: 603, 1936. 

Inorganic iodine alone had no effect, hnt when combined with silicic acid, it 
inhilntcd experimental epinephrine sclerosis in 60 per cent of nil instances and 
chole.sterin atherosclerosis in 70 per cent of all instances. 

L. N. K. 

Schneyer, K.: Clinical Observations Upon the Question of Hypertension Follow- 
ing Extirpation of the Cardiac Pressor-Beceptive Nerves. Klin. Wcim.scdir. 16: 
392, 1937. 

After reviewing the development of the experimental production of hyper- 
tension by excising or .severing the nerve.s of the carotid .sinu.s and aortic arch, 
the author proceeds to draw clear di.stinction.s between hypertension produced in 
animats in thi.s way and that seen to occur naturally in man. Ho studied 224 
individuals with sy.stolic arterial pressures above 350 mm. Hg (only 50 Avere OA^er 
200; and diastolic pre.ssnre is not mentioned) and 90 with prc.ssures below 350 mm. 
Hg. ObserA-ations of (3) pulse rate, (2) effect of carotid pressure, and (3) 
clo.sure of both carotid arteries by pre.^.sure Avore made. The findings and con- 
clusions follow, 

1. Cardiac rate is essentially normal and fall.s, in 80 per cent of cases, bclAveen 
60 and 80 beats per minute. Departure of rate from normal along Avith blood 
pressure does not then occur us in hypertension induced by extirpation of the 
cardiac pressor- receptor nerves. 2. Carotid pressure tests are positive in 75 per 
cent of cases of hypertension. 3. Closure of the carotid arteries gix'cs rise to 
increase, reopening to decrease, in puhse rate. The author is, hoAvever, quick to 
point out that the value of these method.s of study is doubtful because anatomical 
and pathological situations may be uiiAvittingly encountered AA-hich either prevent 
or enhance stimulation of the carotid sinus and because pain due to manual 
pressure may alter the reaction. In general he favors the use of closure of the 
carotid arteries. 4, Bradycardia Avas not observed in cases of coarctation of the 
aorta. Since he believes hypertension in this condition to be purely mechanical, 
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ho concludes tliiil, whatever the iniinccliate reaction to acute carotid HiiuiK .stimu- 
lation, prolonged stimulation i.s in .some way conipen.sated for. o. Clinical oh- 
•sorvation doe.s not adduce any evidence of forms of neurogenic hypertension 
which corresponds to that seen after extirpation of the cnrdiiui pressor-receptor 
nerves. 

.r. M. 8. 

Hermann, H., Jourdain, T., Morin, G,, and Vial, J.: IntcnBihcation hy Eserine of 

the Action of Acetylcholine Upon the Secretion of Adrenalin. <'oin]>t. rend. 

Soc. de biol. 124; 3.17, ]!)37. 

Although the action of esi“rine in increasing and jirolonging the action of 
acetylcholine is well known, the dcinonst ration that the drug also calls forth a 
greater secretion of adrenalin following the injection of acetylcholine has not 
been demonstrated. By tlie ingeniou.s device of connectiag the adrenal vein of a 
dog who.se adrenal gland has been denervuted to the jugnlar vein of it dog sensi- 
tized to the effect of adrenalin by destruction of the fhora(ric, lumbar, and sacral 
spinal cord, it wa.s easy to demon.strute thi.s fact. When acetylcholine is injected 
into the dog with dcaervated adrenals (donor) .arterial jircssnrc falls promptly, 
but no change occurs in tlic second (transfused) dog due to liberation of adrenalin 
which counteracts the fall in pressure. If e.seriiie i.s now gi\eti to the donor dog 
before acctyleholiiie, not only is the fall of the arterial prr'ssure in donor (dog 
with denervated adrenals) .sharper and longer, but the transfused dog {.semsitized 
to adrenalin) shows a marked rise of pressure. Kvidciitly, then, the seeretion 
of adrenalin as well .as that of acetylcholine has been in.arkedly increased. 

.T. .\r. .S. 

Battro, A., Braun-Menendez, E., and Orias, O.: Asynchronism of Ventricular Con- 
traction in Bundle-Branch Block. Ecv. urgent, de cardiol. 3: 325, ]93(!. 

By optically recording in the same person the apex beat, the venous ymlsc, 
the central arterial pul.se, and the heart sound.s, two record.s at a time, it is ])o.s- 
sible to recognize whether or not both vcntricle.s beat synchronously. Applying 
these procedures in twenty patients showing elcctroe.ardiogram.s considered as 
churacteri.stic of the so-called bundle-branch block, the following conclusions were 
drawn ; 

Of seventeen patients with electrocardiograms belonging to the so-called “common 
type’' (right bundle-branc.li block, according to the old nomenclature), in fifteen 
there were obvious signs shoaing that the right ventricle contracted first, therein 
indicating really a left bundle-branch block. In the other two cases no signs of 
asynchronism could bo detected. 

From three cases with electrocardiograms characteristic, according to Wilson 
and his associate.s, of a right bundle branch, in one, a clear precedence of the 
left ventricle was actually found, but in the remaining ta'o cases all signs of 
a.synchronisni were lacking. 

The electrocardiogram by it.self, therefore, i.s not a reliable means for estab- 
lishing a diagno.sis of complete bundle-branch block with its mechanical conse- 
quences. It is the adequate recording of the mechanical events due to the heart 
action which alTords the only means to determine the e.xi.stence of ti ventricular 
asynchronism, thereby allowing the recognition of a delayed c.Ycitation througli 
one of the bundle branches, with possibility of ascertaining the location and the 
degree of the functional disturbance. 


Author. 
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Gilson, A. S., and Bisliop, G. H.: The Effect of Remote Leads Upon the Porm 

of the Recorded Electrocardiogram. Ant. J. Physiol. 118: 7-13, 1937. 

The material tvhieli has been presented deals with the distribution of potentials 
ill a conducting medium surrounding licarts or inorganic models. 

It has been shown that the .so-called dipole theory of tissue potentials as ex- 
pounded by its proponent.s is not adequate because: 

a. The nature of the .spread and duration of the activity in a tis.sue such as the 
heart, in which the duralion of the .sustained activity is greater than the time re- 
quired for the spread of the impulse through the chamber under consideration, is 
such as to preclude the assumption of a moving, constant dipole. 

b. When the entire heart surface has changed from a condition of rest to a 
condition of activity, any change of potential involved must be acconqianied 
b}' a change in the potetitial of the whole medium with which the heart is iii con- 
tact, since no difference of potential exists, eitln^r (hiring re.<t or during the com- 
pletely active .state, bet\veen this surface and any point in the medium. The iis- 
sninptioii that a di.stant jioint in this medium does not change in potential with 
change from passive to jictive stale of the licart is tluMoforc misleading utkI 
phy.siologically is beside the point, since .such an assnnqilion is derived from the 
erroneous notion that tlie active jmice.ss in heart tissue ctin be tidequately treated 
as a simple dijiole moving in si>ace. 

A lead in contact with the moist surface of the heart in air lends to record 
with considerable localization the potential changes occ\irring at the hetirt sur- 
face immediately beneath it. On the other hand, any electrode in the batli and 
removed from the heart surface tends to record an averaged potential from the 
entire heart surface. The actual record obtaiued with leads iu wlmtevcr position 
is, of cour.se, a record of the jmtential differences between the two electrodes. 

It is urged that, although (?.vpedieriey often demands, as for the ca.s(i of the 
clinical electrocardiogram, the use of remote leads, nevertheless, records obtained 
by use of such leads should not be considered as offering v.alid a priori or comjilete 
evidence concerning the nature of the local ])otentiul chaiigos at the heart surface. 
It should be obvious that dosjiite this, the electrocardiogram offer.s a valuable aid 
in studies of the lieart, but it has this value only because of the accumulation 
of erainrical clinical data and the correlation of this material with data obtained 
by direct experimentation. 

It is not considered that the arguments offered iu support of the so-called 
dipole theory are such us to Avarrnnt nbandoiimont of llio clas.sical or so-called 
negativity In-pothesis .as fundamental in the analy.sis and interpretation of electro- 
grams from active tis.sucs. 

AuTilon. 


Molz, B.; Experiments With Models in Investigating the Electrical Eield of the 
Heart (The Problem of the Null Potential Electrode and the Einthoven Equi- 
lateral Triangle). Pfliiger^s Arch, f, d. ge.s. Pliysiol. 237: 251, 1930. 

The investigation showed that Eintliovcn's equilateral triangle equation.s did 
not hold in the triangular field. These results do not support the view that 
AVilson’s null potential electrode has a zero potential under all conditions. 

L. N. K. 


(Solder W.: Concerning Notehlng In tie Main Deflection of the Eleotrocardlogram. 

Atschr. f. Kreislaufforsch. 28: 883, 39,30. 


Changes in the respiratory position of the chest ami distention of the nitdomen 
_ can alter the notcl.ings of (JES or make them disappear. It is nessiWe in this 
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■svay, and by changing the position of the electrodes, to deinoiiHtrutc the trans- 
formation of Q-, II-, or S-waves into notches. Thc.so .notches, therefore, are due 
to differences in the summation of the action currents of the two ventricles. 

r.. N. K, 

Goldberg, M., and Bothhorger, C. J..* The Electrocardiogram of the Specialized 

Heart Muscle. Pfliiger’s Arch. f. d. gcs. Physiol, 237 : 29.0, 1930, 

The electrogram and optically registered meehanogram of Purkin.ie fibers were 
recorded. The former resembled (he electrocardiogram of the whole heart. This 
electrogram has upright waves when the septal end of Purkin.ie fibers arc con- 
nected to the right arm and the other end to the left arm electrode of the gal- 
vanometer, indicating that in the isolated fiber the impulse spreads outwardl.v 
from the septal end. The electrogram lasts much longer than the meehanogram 
and the absolute refractory phase. The .second phase of the electrogram i.s, there- 
fore, an afterpotonlial and not equivalent to the S-T and T segments of the 
electrocardiogram of the whole lienrt. 

L. N. Iv. 

Palmer, J. H.: The Size of the Heart After Coronary Thrombosis. Canad. M. A. 

J. 36: 387, 1937. 

Enlargement of the heart was found by radiological methods in 64 per cent 
of a series of 200 patients who had survived an attack of coronary thrombosis. 
Those with doubtful enlargement, 10 per cent of the scries, were, for the jiurpose 
of this paper, added to the normal group, but the higli incidence of enlargement 
in published necropsies favors the view that these doubtfully enlarged hearts are 
in reality enlarged. 

The factors causing enlargement after coronar.v thrombosis are discussed. By 
far the most important proved to be hypertension, which was held to be the 
single or predominant cause in more than 80 per cent of all cases with enlarge- 
ment. 

Disease of the coronary arteries, cither the nctual thrombosis with its resulting 
infarction or the underlying arterio.sclerosis, led to increase in the size of the 
heart in a total of 11 cases (8.6 per cent). Of these, 4 (3.1 per cent) had cardiac 
aneurysm, 3 (2.4 per cent) had a bundle-branch lesion, and the rernnining 4 
(3.1 per cent) had enlargenieiit, apparently due to chronic myocardial ischemia 
alone. 

Ho example of so-called acute dilatation of the heart was discovered among 
27 patients examined radiologically within a month of the attack. Congestive 
failure, which was not seen in hearts of normal size, seldom led to an appreciable 
increase in the degree of enlargement. 

About a third of the patients (36 per cent) failed to show or to develop en- 
largement, though watched over periods averaging more than three j-ears follow- 
ing the first attack of coronurj' thrombo.sis, and this number included seimral with 
recurrent attacks. 

AuTlion. 

Kirch, E.: Increase in Bower and Hypertrophy of the Heart Following Athletics 

(Based on New Autopsy Material). Ztschr. f. Kreislaufforsch, 28: 893, 1936. 

This report is based on nine necropsies of athletes from fifteen to twenty-five 
years of age at the time of death. Death in all these cases was .sudden or acute, 
and all -were in good health up to that time. In three of these there was a definite 
hypertrophy for which no cause other than athletics could be found. A summarj' 
table of data is given, and photographs of gross specimens are shown. These 
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individuals 'vvere long distance swimmers or runners [as were cases previously 
reported by liim]. The ln*perfrophy was greatest in the right ventricle. Three 
of the nine athletes had hearts at the upper limits of normal, and these the author 
considers as '‘powerful” hearts. 

L. N. K. 

Dicker, E.: The Presence of a Prolanlike Substance in the Urine of Patients With 

Essential Hypertension. Gompt. rend. Soc. do biol. 124: .30.3, 1937. 

Samples of urine of twenty patients with hypertension and of twenty normal 
indhdduals (ten old, ton young) were, after proper preparation, injected into 
young impuberal virgin mice. Tlie mice were then killed and examined. The 
uteri, tubes, and ovaries of those Tuice which were injected with urine from 
h'vpertensive patients showed, in most instances, well-marked hyperlro])hy. Ihc 
injection of normal urine was not followed by ln'i>ert rophy. The urine from 
twelve of the twenty hypertensive patients whose blood pressure was constantly 
and markcdl 3 ' elevated was in each instance followed by hypertrophy but in 
eight, Avhosc pressure wjis labile (maximal 230, nunimal 100 mm. Hg) hypertrophy 
was inconstantly present and not so marked in degree. 

The reaction in the mice suggested the presence of .a prolanlikc substance, and 
the author admits this finding as evidence of stimulation of the diencephalic or 
mesencephalic centers in hypertensive individuals. He concludes that the ob- 
servation reenforces the hypothesis that e.ssential hypertension is of central 
nervous origin. 

.T. M. S. 

Barto, A., and Lanari, A.: The Action of Acetylcholine Injected Intraarterially 

Into Sympathectomized Subjects. Gompt. rend. Soc, de biol. 124: 380, 1937. 

This .short note .states that a few days after sympathectomy, reaction to the 
intraarterial injection of acetylcholine is normal; increase in vascular oscilla- 
tions, pain, redness, and sweating occur. A few months afterward the reaction 
may, however, ditTer considerably. Tn a certain number of cases decrease in the 
amplitude of oscillations, i.e., vasoconstriction, no sweating and only a faint red- 
ness are observed, and in the same individual this reactioji is subsequently re- 
producible. Sweating is, therefore, believed to depend upon the integrity of the 
sympathetic nervous system. Although the authors do not mention the fact, it 
seems likely that the failure of intraarterial injections of acetylcholine to give 
rise to marked vasodilatation in .sympathectomized individuals might depend 
upon the development of sensitivity to adrenalin which is thought to be liberated 
in response to injections of acetylcholine. 

J. M. S. 

Bruck, H,: The Action of Histamine Upon the Blood Vessels of the Brain. Klin. 

AVchnschr. 16: 236, 1937. 

The observations recorded were made po.ssiblc by a per.sistent opening in the 
temporal bone of a patiejit with fracture of the skull and hemiplegia. Unfor- 
tunately, the author does not state how the cerebral ]mlse was recorded and fails 
also to mention what the ordinates of time were in the two smoked drum records 
reproduced. The cerebral pulse appears to have been recorded plethysmograph- 
xcalljr. Quantitation of the observed changes is, however, impossible since the 
instrument was apparently not calibrated. 

In spite of the.se defects the observations are, if substantiated, of considerable 
interest. In the fir.st curve a decrease in brain volume and in amplitude of pulsa- 
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tion duriii},' rissuniption of tlio erect posture is showu. 'J'hc ficcond figure .shows 
simultaneous records of cerebral and arm volume and juilsc during injection of 
histamine. The cerebral pulse becomes somewhat greater in amplitude before 
the volume of the arm incrca.se.s. From this it is concluded that dilatation of the 
cerebral ve.s.sels by histamine i.s not de[)endent upon change.s in systemic circu- 
lation. 

J. ^r, 8. 


Errata 


In the article, “Flectrocardiographic Change.s in Normal Adult. s Following 
Digitalis Admini.stration’- by Kaj Larsen, Fritz Ncukirch, and Niels A, Niel.^en, 
wliich appeared in the February issue, certain inuccnracics appear in 'fable I on 
page IGti. In the column headed “T," the tigurc on the fourth line from the (op 
.should be preceded by a negative sign (-), and in the column headed "T," the 
figure.® on the fir.st, second, tenth, fourteenth, eighteenth, nineteenth, (wcnticfli, 
twenty-fir.st, twenty-second, and twenty-fourth lines .®houh] liave in front of them 
a negative sign (-) instead of a positive sign (-r). 
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CONGENITAL STENOSIS OP THE ABDOMINAL AORTA^' 

. W. d-*A. Maycock, M.D., C.M. 

London, England 

S tenosis and thrombotic obliteration of the descending aorta is a 
relatively common autopsy finding wbieli is frequent!}’- diagnosed 
during life because there is usually associated a definite clinical xoic- 
ture. Congenital narrowing (with or without oeelnsion) of the aorta 
below tlie isthmus is a rare occurrence, however, and, on account of 
indefinite .symptoms, is seldom diagnosed. This ease is recorded be- 
cause it presents a most unusual picture of narrowing and complete 
occlusion in the inidabdominal aortic segment and extensive compen- 
satory arterial hj'iiertrophy and dilatation. There is added a brief 
review of the few available recorded cases of steno,sis in this region. 
As the clinical history in this case is also of imusual pathological 
functional interest, it is included here in greater detail. 


CASE HISTORY 


M. B., female, aged eighteen years, was first admitted to the Eoyal Victoria 
Hospital on June 3, 1920, complaining of palpitation, dyspnea, and precordial pain 
wliicli resembled pinpricks and radiated occasionally to the left shoulder. These 
complaints bad been present for three months tmd were aggravated by exertion. 
She also complained of epigastric distress and nausea without relation to meals for 
about six months. 


Fcmily hisiory was irrelevant. 

Personal History . — She gave a history of measle.s, mump.s, diphtheria in child- 
hood, but no liistory of rheumatic fever. Kocluria (1-2) for past few years. 
Men.ses: 13 x 28 x 2 to 3; no dysmenorrhea, menorrhagia, or metrorrhagia. Apart 
from the diseases mentioned, the patient had always been well and bad been able to 
join in all activities with other children without any difficulty. 

Physical Examination . — Temperature was .99.4,” F.; respiration, 20; pulse, 9.5 
regular, full volume, high tension. The cheeks were flushed; nutrition, fair. The 
lungs we re normal. The heart extended 9 cm. to the left of the midline at the apex. 


Pathological In.stitute, McGill Univer-sity, Jlontrer 
yProf' J. C? Manikins, QUecto?L Medicine, Royal Victoria 


(Professor Horst 
Hospital, Montreal 
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There were an apical systolic murmur condui'.tei] to the axilla, ami a soft systolic 
murmur over the base. Both pulmonary and aortic second sounds v/erc accentuated. 
Blood pressure in arms was systolic, 200 mm, Hg, diastolic, 89 mm, Hg, Tlierc 
was some tenderness in right lower quadrant of abdomen. Urine was negative. 
Red blood cells numbered 3,880,000; while blood colls, 10,000; hemoglobin, 75 per 
cent. Electrocardiogram showed slight right-sided preponderance. Blood Wasser- 
mann reaction was negative. X-ray films of the arms and lcg.s showed no calcifica- 
tion of the arteries. Special e.xaminations of the eyes, ears, nose, and throat re- 
vealed no abnormalities. The clinical diagnosi.s was essential lijqicrtension. 

She was discharged on .July 111, 1929, little improved, and attended regularly at 
the Medical Out-Patient’s Department until her second admi.“sion to the wards on 
March 1C, 1932. 

During this period it was found that the blood pressure in the arms remained as 
before, while in the legs it was definitely lower, the sy.stolic piressure being about 
130 mm. Hg, and the diastolic about 110 mm. Hg. Sometimes the pressures could 
not be read in the legs. Sometimes the jiulse could be detected only in the femoral 
arteries (u.sually better in the left one), rvliile at other times it was palpable in 
both femoral, popliteal, posterior tibial, and dorsalis pedis arteries. There was 
no edema of the lower limbs, but they were occasionally colder than normal. There 
was persistent tachycardia (120), and the heart was enlarged to the right and left. 
A harsh systolic murmur was heard at the tricuspid area and at the base, which 
murmur was conducted out to the left axilla and up into the arteries of the neck; 
it was also audible posteriorly at the inferior angle of the left scapula and on each 
side of the spine from the tenth thoracic vertebra to the midlurnbar region, becoming 
fainter in the lower part of this area. She complained of dyspnea on exertion, 
palpitation, and occasional indefinite prccordial p>ain radiating to the left arm and 
the upper part of the back. On several occasions during this period she com- 
plained of alternating diarrhea and constipation; blood was found in the stools. Her 
weight fluctuated between 85 and 95 pounds. Her general health was poor, and 
she slept badly. The clinical diagnosis was coarctation of the aorta. 

The patient was readmitted on March IG, 1932, complaining of palpitation, 
dyspnea and choking sensations, precordial pain radiating to tlic left arm, pain in 
the back over the fifth to the tenth thoracic vertebrae, headache, weakness, nocturia, 
sore throat with pain beneath the .slcniuni on swallowing, and lo.ss of pounds 
in three weeks. The precordial pain and pain in the back had been present for 
three weeks, the sore throat and dysphagia for one week, while the other com- 
plaints had been present periodically since her first admission. 

Physical Examination . — Temperature was 100' F.; pulse, 130; respiration, 22. 
A thin, pale, asthenic, nervous patient, with marked pulsation of the left .side of the 
chest. Tliere was slight infection of the left middle turbinate, and congestion of 
the nasal mucosa. The teeth were carious. The chest was thin and narrow with 
prominent ribs; the e.vpansion was good and equal; no abnormalities were found in 
the lungs. 

Cardiovascular System . — There was a pronounced pulsation of the left side of 
the chest. The pulse was regular, collapsing; the volume, moderate; and the tension, 
greatly increased. The carotid and brachial arteries imlsated strongly. No pulsa- 
tion was felt over the abdominal aorta or femoral arteries, but a pulse was detected 
in both dorsalis pedis arteries. A capillarj' pulse was observed in the nail beds 
and lips. Blood pressure in the right and left arras was systolic, 210, diastolic, GO; 
right leg — systolic, 118, diastolic, not obtained (measured in dorsalis pedis artery). 

The apex beat was .sharp, the point of maximum impulse being in the fifth left 
interspace, 9.3 cm. from the midline. The left border of the heart reached to the 
axilla. The sounds were loud and clearly audible. At the apex the first sound 
was increased and accompanied by a systolic murmur ; the second sound was loud aud 
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harsh. A systolic murmur was hoard over the right border of the stermim, being 
loudest at the level of the xiphisternum, where the tortuous internal mammary 
artery could be palpated. This murmur was xmopagated along tlic seventh, eighth, 
and ninth right intercostal spaces; it continued downward over the abdomen to the 
umbilicus whore it branched and was lost. A similar softer systolic murmur was 
audible over the left sternal border, but the left internal mammarj' was not palpable; 
this murmur could also be traced along the seventh, eighth and ninth left inter- 
costal spaces. At the base the second aortic sound was ringing and accentuated. 
Posteriorly li harsh systolic murmur was lioard over the fifth to the tenth thoracic 
vertebrae, and along the twelfth rib, and at the inferior angle of each scapula. 
There was some fcnderncss over the fifth to tenth thoracic vertebrae and over their 
attached ribs. 

The fundi showed arlerial jjulsation. The electrocardiogram was normal. Blood 
Wassermann reaction was negative. Bed blood cells numbered 3,880,000; white 
blood cells, 11,350 (two hours after eating); hemoglobin, 55 per cent (Sahli). The 
urine was normal. Blood culture was negative. 

A collateral eircnlation was ot this time to exist and to be 

as follows: (1) Between the seventh, eig'hth, and ninth intercostal 
arteries and the internal mammary arteries (indicated by the systolic 
murmurs and palpable right internal mammary artery) ; (2) between 
the internal mammary and the epigastric arteries (not conchisively 
demonstrated, thought to be hidden by recti muscles) ; (3) between 
the subscapiilar and interco.stal arteries, as indicated by the systolic 
murmurs at the inferior angles of the scapulae. 

X-ray examination of the chest showed an enlarged lieart with a 
widened aortic arch. The left border of the descending aorta could 
be followed to the diaphragm; on each side of the vertebrae was a 
white line, extending on the left fi’om the fifth to the twelfth thoracic 
vertebrae. It was thought that the right-hand line might be due to 
ligaments, while that on the left was considered most unusual. Focus- 
ing on the ribs with the Bucky diaphragm showed no erosion and 
.suggested a con.striction of the aorta just above the diaphragm. 

The patient was discharged on April 3, 1932, with some improvement in the 
rhinitis, but otherwise unchanged. She attended the out-patient dei)artment until 
April 24, 1933. During this period a visible pulsation was seen in the left superior 
epigastric artery and in the region of tlie right supraspinatus muscle. .She then 
developed periodic attacks of diarrhea and crarapy abdominal pains for which she 
was again admitted to hospital on April 24, 1933. 

Physical Exammation . — Temperature was 99.8° F. ; pulse, 112; respiration, 22. 
She was fairly well nourished, alert, and cooperative. 

Cardiovascular System . — Slight cyanosis of the fingers, but no clubbing, was noted. 
A capillary pulse was detected, and the radial pulse was collapsing in character. A 
.slight pulsation was felt in the femoral arteries but none in the popliteal, dorsalis 
pedis, or posterior tibial arteries. A visible arterial pulsation was seen in the epi- 
gastrium, and a large artery was palpable at the inferior angle of each scapula. No 
visible or palpable arterial pulsation was seen in the supraspinous area. 

Blood pressure in the right arm Avas systolic, 215 ; diastolic, 70 ; in the left arm 
systolic, 204; diastolic, 70. 
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Tlie apex beat was palpable in the left fifth interspace, 0.5 cm. from the midlino 
and was .strong and forcible. There was a quc.stionaWc apical pre-systolic thrill, a 
short fine .systolic thrill over the pulmonary area, and a soft systolic thrill over the 
carotid arterie.s. The clo.sure of the pulmonary valves was distinctly felt. 

The relative cardiac dullne.ss measured 7 cm. at the second rib, 3.5 cm. to the 
right of the midlinc, and 0.5 cm. to the left of the midlinc, in the tifth interspace. 
The sounds wore clearly audible, the pulmonary second sound being accentuated. A 
loud .systolic murmur preceded by .a short presy.stolic murmur was heard over the 
xiphoid process, the systolic element being projingaled up the sternum with diminish- 
ing intensitj' and into the left axilla, and Ic.ss so to the right of the sternum. 
Posteriorly on both sides of the .spine a .systolic murmur was heard faintly from 
the .second to the fourth thoracic spines, more loudly from the fourth to the tenth 
thoracic spines, and quite loudly from here to the ba.“o of the spine. The second 
sound was accentuated in this area. The electrocardiogram showed a slurring of 
the QES complex in all throe loads and large T-wave.«, with abrupt take-offs in 
I.x;ads If and Ilf. 

Cysts of Endamcla Imlohjtica and Chiloma/itix 7nc.inili were found in the stools. 

Blood examination revealed red blood cells, 3,950,000; white blood cells, 30,000; 
hemoglobin, 75 per cent. The blood Wassermann reaction was negative. The 
blood Kahn reaction was one-plus. 

Courses of emetine were administered, and the patient was discharged on Juno 0 
with improvement in her diarrhea and with disappearance of animal parasites from 
the stools, but her circulatory condition was unchanged. 

Her out-patient record until Nov, 9, 1933, records frequent complaints of diarrhea 
and the presence of Endamcha histolytica and Chilomastix mcsnili in small numbers 
in the feces. Occasionally the patient complained of weakness of the logs. 

She was readmitted on Nov. 9, 3933, with complaints of watery stools with oc- 
casional blood for five months, pain on defecation, dysuria and pruritis nni for two 
weeks, and complaints referable to the circulatory sy.ctem, similar to t)io.*-'e on the 
previous admissions. In addition, she stated that her feet were continually cold and 
that she had crampy i>ains around the knees after walking. She denied any edema of 
the feet or legs. Her general health for the past two months had been poor. 

Physical Examination . — Temperature was 99.4° F.; pul.se, 80 (Nov. D, 19331. 
She was a poorly nourished, asthenic, nervous female witJi a marked malar flash. 

A capillar}' pulse was noted in the lips and nail beds. The radial pul.‘^ was 
collapsing, and accentuated pulsation was seen in tlie brachial and carotid arteries. 
A weak pulsation was felt in the abdominal aorta and the femoral, dorsalis pedis 
and posterior tibial arteries. Tlie blood pressure in the arms was systolic, 225; 
diastolic, 40; left leg, sy.stolic, 80; diastolic, not obtained. The whole j>recordium 
exhibited a marked pulsation. A .systolic thrill was palpable at the base and in the 
upper seven intercostal spaces pulsating vessels could be felt. 

The apex beat was situated 32 cm. to the left of the midline. The sounds were 
loud in all areas. At the apex a systolic murmur was heard, and the second sound 
was harsh and accentuated. A harsh systolic murmur was audible over the pul- 
monary- area and over the fifth thoracic spine. 

There was generalized tenderness over the abdomen. The legs and feet were cold. 
Motile and encysted amebas were found in the stools, together with mucus and blood 
and occasionally pus. The blood Wassermann reaction was negative. The blood 
culture was negative. The x-ray film of the chest showed the lieart to be enlarged, 
with accentuated sliadows of the great cervical vessels. There was slight irregularity 
along tlie lower borders of the ribs. Blood examination revealed red Jdood ccll= 
4,380,000; white blood cells, 14,200; hemoglobin, 80 per cent. ' 
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In spite of troatiiient witli emetine and carbazone, llie patient lost weight, and 
the diarrhea failed to improve. On January 11, there was an exacerbation of the 
intestinal condition. The temperature rose to 102° to 104° P., and the pulse to about 
140; the frequency of the stools became greater with larger quantities of gross blood. 



On January 1.3 the red blood cells numbered 4,034,000; white blood cells, 15,500; 
hemoglobin was 48 per cent. On January 25 she was transferred to the surgical side 
for the performance of an ileostomy. At operation it was found that the cecum had 
ruptured, and an abscess had formed. The abdomen was drained through a gridiron 
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incision, but the jiatient gradually failed. The temperature was iuterinittcnt, the 
pulse 150, and she ptissed numerous watery stools and sufi'ored severe abdominal 
pain. She sometimes vomited feculent material. She died on Jan. 30, lO.M, three 
days after operation. 

SUJIMARY OF AUTOPSY FINDINGS 

Gross Examination (eighteen hours after death). — Tiie body was small and poorly 
nourished, 150 cm. long, 'the abdomen wa.s rounded and ten.'-e and .showed a linear 
incision 12 cm. long in the right lower quadrant through which protruded two rub- 
ber drains. 

The thoracic viscera appeared in normal relation to etich other, and the lungs 
were slightly emphysematous. The right heart was slightly dilated with chicken-fat 
and cruor clot, and the left ventricle was firmly contracted. There was slight 
thickening of the left ventricular wall including its papillary muscle.s. There was 
no valvular lesion, however, except .some irregular thickening at the free margin 
of aortic cusps. Both ductus arteriosus and foramen ovale were closed. The organ 
weighed 3(i0 gm. after having been opened. 

Aorta . — Three centimeters above the valve, the a.Hcending portion bulged to the 
right, forming a saccular aneurysm, S,5 cm. at its greatest circumference. This 
ended at the beginning of the transverse arch where the circumference was 5.5 cm. 
There was a calcified plaque at the isthmus but no definite narrowing at this level; 
1.5 cm. below the renal branches, however, there was an abrupt diminution in size, 
with the formation of a firm cord 3 cm. long and about H mm. in diameter. The 
lumen here was completely occluded by a firm gray laminated mass which fused with 
the vessel wall. It became patent again 4.5 cm. above the bifurcation where the cir- 
cumference was 1.5 cm. In marked contrast to the gross changes in the aorta pro.x- 
imal to the stenosis, the portion below the occlusion and the iliac branche.s were very 
delicate and well preserved. These changes are well illustrated in i'ig. 1. The 
proximal aorta showed a marked uniform thickening to about 5 mm. e.xccpt in the 
stretched aneurysmal sac where a firmly attached, reddish gray mural thrombus 
filled its deeper parts. The intima of the a.scending and transverse segments had 
many linear i)uckerings, mostly parallel to the long .axis of the vessel, between which 
were smooth, slightly elevated, gray and yellow patche.s. Be^-ond the isthmu.s these 
puekeriiigs disappeared while the yellow patches became more numerous between 
scattered calcified plaques and small irregular athcromatou.s ulcerations. 

The inferior mesenteric and ovarian arteries were comidetely occluded at their 
origin in the thrombosed aortic segment. Branches of tlic celiac axis as well as in- 
nominate, left common carotid, and left subclavian arteries were thick-walled and 
dilated. The internal mammary arteries were widely dilated, thickened, and .slightly' 
tortuous, espeeisilly on the right side. 

The abdominal cavity contained coils of bowel dilated with gas and fluid feces. 
There was a diffuse fibrinopurulent peritonitis with small pockets of creamy 2)us 
between loosely adherent loops. This peritonitis was apparently an extension from 
a perforated ulcer in the cecum. There were multiple irregular undermined deep 
and superficial ulcers throughout the colon having the characteristic appearance of 
amebic dysentery infection. The left kidney' contained a well-organized infarct 
and all parenchymatous organs showed the gross features of marked cloudy swell- 
ing. The intracranial contents were not examined. 

Microscopic Examination.— For the purpose of this report, the description will 
be confined to pathological changes in the circulatory system. 

Aorta: Sections from various parts proximal to occlusion showed quite a similar 
picture. There was marked irregular sweUing (increase) and fusion of the intima 
with poorly defined fragmented internal elastic lamina. The adjacent inner half of 
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the media contained marhedly s^Yollon and fused tibors betn-eon patches of typical 
atheroma. This did not tahe the van Gieson stain. Elastic fibrils were here also 



Fig. 2. — Transverse section of stenosed seginent of abdominal aorta. There is 
complete fusion of the coats and dense hyaline fusion of the inner half of the wall. 
Organized laminated clot with limited recanalization fills the sm.all lumen. (X20.) 



Pig. 3.— Orcein-van Gieson preparation of same section as Fig. 2. Increased frag- 
mented elastic fibrils stain black, and collagen appears dark gray. (X20.) 

abundant and extensively fragmented. The adventitia sliowed marked increase in 
fibrous tissue, throughout which were many vasa vasorum having uniformly thick- 
ened walls. Some, were surrounded by small round cells which extended throughout 
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Fie- -1. — DeKoondlng thoracic aortic wall. Some of the tliiek va.sa va.sorum are 
surrounded by small round cell.-^. There is marked gelatinous swelling and hyaline 
fusion of inner half of media. (x3u.) 



®,**^**?’l preparation of same section a.s Fig. t, .showing conden- 
n and marked fragmentation of abundant elastic lamellae. (X35.) 
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the adjacent outer lialf of the aortic media, but there 'was no definite fibrous tissue 
scarring. There was no definite endarteritis of tlie vasa vasoruni. The thick ad- 
ventitia also contained manj* large mcdullaled nerves. In the sections from the 
aneurysmal dilatation there wa.s an irregidar nias.s of fibrin wliich fused with the 
adjacent intinia by scattered proliferating fibroblasts. In places this recent thrombus 
fused ■ivith a deeper zone of more mature fibrous connective tissue. Except for 
stretching of the coats and extreme fragmentation of clastic fibrils, the histological 
picture was similar to that of other parts. Immediately above the occluded seg- 
ment the intimal and medial thickening and hyaline fusion became more extensive. 
In the media, only small fragments of muscle fd)or.s and elastic fibrils remained, 
while well-preserved dense fibrous tissue persisted in the adventitia. 

At the area of oc(dusion the lumen was completely filled with a homogeneous, 
pale red, hyaline mass, with a few small recanalized endothelial i^paccs containing 
senttered red blood cells. At the jieriphery this mass fused with den.se fibrous 
tissue having shiall nuclei and abundant fibrils. 'J'liis fibrous connective ti-'^sue e.x- 
fonded throughout the fn.‘=od aortic coat.s with variahle degree of hyaline fusion. 
Orcein and Weigert's eluslic tissue stains showed extensive fragmentation of elastic, 
fibrils throughout the inner half of the ve.ssel, while the outer half contained small 
arteries (vasa vasonim) having thickened mediae. Tiiere was no conclusive evidence 
of a syphilitic proco.«s. Below fiie occluded area and in the iliac arteries all coats 
were very well preserved, 

DISCUSSION 

This is apparently a en.se of concjeniial niennais; of the lower part of 
the abdoiSinal aorta witli siihsequeiit tliromhosis and reettnalization. 
This opinion is arrived at, however, only after inflammatory and 
reg:i’e.ssive lesions h<Mve been earefully considered and excluded. The 
clistrilmtioii ol: liypert.rophy and arteriosclerosis in this aoida is im- 
portant anatomical evidence of a long-eonti?ined stenosis. The.se 
elianges are entirely proximal to the obstrnction and indicate a pro- 
longed byperten-sion. Tims the liypertroiihy of these coats is compen- 
satory to a prolonged high aortic pressure. On the other itand, the 
lower segment and common iliacs below tbe stenosis (where there was 
a diminished pressure efl'cel) remain extremely delicate and well pre- 
served. To produce sneli an anatomical picture, we must assume a 
marked obstruction to blood movement (due to tlic narrowed hmien) 
for years before thrombosis occurred. It is well recognized that ad- 
vanced atheroma may be associated with complete thrombus forma- 
tion, but this is nearly always confined to mnscnlar arteries. In the 
aorta, peduncnlaied mural thrombi, which only partly occlude the 
lumen, are far more common unless retrograde extension from adja- 
cent branches has occurred. An isolated complete thrombus in this 
segment of the aorta suggests that there was a predisposition because 
of an unusually narrow lumen. The dense scar tissue throiigliout the 
fused coats, in the histological sections, adds further support to this 
opinion. 

It IS perliaps more difficult to exclude syphilis as the primary causal 
factor for tlie aortic lesions above the obstruction. Aneurysmal dilata- 
tions due to syphilis are, of course, extremely eonimon, and stenosis 
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lias also been described. The histological picture, however, i.s not 
typical of a specific inflammation. The ab.sence of medial scarring and 
of endartex'itis of the vasa vasorum is noteworthy. There was no 
familial or personal history of sj-philis, no clinical signs, and the 
serological reactions were negative, Gsell® and later Brdheim’’^- ® have 
described eases of hypertension with aneuiysms in the ascending aorta 
which were associated with diffuse medial gelatinous swelling and 
sometimes cystic degeneration. Since their observations at least four- 
teen similar cases have been reported, all liaving negative serum Was- 
sermann reactions and no clinical or anatomical evidence of .syphilis. 
Such a ease has recently been observed at this Institute.^ The con- 
stant dilatation of the ascending aorta may be jiartly attiibuted to a 
purely mechanical effect. This is its greatest diameter and therefore 
is the situation of greatest expansive pre.ssure (Oppenheim).^'^ It is 
the favored situation for permanent dilatation of the aortic wall. Al- 
though the histological ]ncture in this ca.se is not that of diffuse aortic 
medial necrosis, the extreme patchy intimal and medial degeneration 
(associated uuth prolonged hyperlen.sion) must be considered the im- 
portant factor in the aneurysmal dilatation. 

The hypertrophy and the dilatation of arteries concerned with collat- 
eral circulation are the final and conclu.sive evidence of the long duration 
of the stenosis. This was most marked in the intercostal and interaal 
mammary arteries. Although the inferior mesenteric and ovan'an 
branches could not be differentiated in the stenosed segment, there 
was no infai'ction of the colon or ovaries. This indicates that sufficient 
collateral circulation had beeix slowdy established to these tissues to 
allow maintenance of function. Adequate circulation to the lower 
extremities was provided through anastomoses with the superior and 
inferior epigastric aideries. 

It is impossible to do more than assume any relation between the 
thrombus in the aneurysm and that in the stenosed aortic segment 
because both vaiy gx'eatly in age in different locations. If the thrombus 
at the site of stenosis was formed about an embolus, we must still 
assume a slowly progressive block in order to explain the absence of 
infarcts and the pi’esence of marked compensatory hypertrophs’’ and 
dilatation of those arteries concerned with collateral circulation. 

Eeferehce has already been made to syphilitic stenosis of the aorta. 
This is extremely rare. Hicld^- found only two recorded eases up to 
1931, and these were described by Stadler^® as limited constrictions 
at the isthmus less than 1 cm. in diameter. Nonspecific mesaortitis 
may produce a constriction, but instead of an extreme abrupt stenosis 
there usually occurs a long funnel-shaped narroxving of the lumen, 
as demonstrated in Hickl’s ease of diffuse mesaortitis folloxving rheu- 
matic fever. 
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It lias been noted that coiig-enital stenosis at the aortic isthmus 
(coarctation) is quite frequent and tliis subject has been extensively 
reviewed by Abbottd On the other hand, congenital stenosis of the 
aorta below the insertion of the ductus arteriosus has been rarely 
described during the past century. The first case was apparently 
reported by Schlesinger" in 1835. It concerned a girl aged fifteen 
years who had severe dyspiieic attacks accompanied by tonic and 
clonic con^uilsions for two years. The thoracic aorta was almost com- 
pletely obliterated to a thin cord for t wo inches above the diaphragm 
so that a fine sound could be passed through it only with difficulty. 
Above the stenosis the aorta was widely dilated and gave rise to many 
abnormal branches; the internal mammary and subclavian arteries 
were also much enlarged. 

Duncan,® describing a ease of thrombosis of the abdominal aorta in 
1843, writes “many cases are now on record in which the aorta has 
been found obliterated, some of them at the same point as in this 
specimen, some with gangrene, othei*s not. IMany of these have evi- 
dently been congenital. ...” He gives no references. Power^® in 
1861, described a, youth aged seventeen years, wlio sufl’ered from 
palpitation and epileptiform attacks following a “ fever and exhibited 
marked pulsation of the carotid, temporal and subclavian, internal 
mammary, and epigastric arteries. At autopsy there was found stenosis 
of the aortic valve and hypcrtroiihy of the left lieart. The internal 
mammary and epigastric arteries were dilated and very tortuous, and the 
aortic arch was enlarged. The abdominal aorta, after giving off its 
visceral branches, was found gi-eatly diminished in size, and the iliac 
branches were correspondingly small. Power refers to the stenosis 
of the abdominal aorta as “an arre.st of development'' but does not 
discuss it further. Baric- slates that Kricgk could find no othei' cases 
of congenital aortic stenosis below the isthmus prior to 1878, but 
couples Schlesinger's name with that of P. L. A. Nicod, who apparently 
described an analogous case in 1818. Bonnet® states that there were 
no similar cases reported between 1878 and 1903. 

In 1911, Hasler^® reported the findings in a man who had always 
been in good health till he died of lobar pneumonia at the age of 
forty-nine years. The heart was .slightly dilated and greatly hyper- 
trophied. Just above the aortic valve the aortic circumference was 
I cm.; distal to the origin of the left subclavian it narrowed, rather 
abruptly, to 3.5 cm., and then widened to 4.5 cm. in circumference. 
At 3 cm. above the diaphragm it suddenly became completely ob- 
literated to form an impervious fibrous cord, 7 mm, in diameter and 
2,5 cm, long. There was a well-developed collateral circulation 
through the intercostal, internal mammary, and epigastric arteries, 
Hasler believed that this stenosis was due to some acquired disease, 
whether intrauterine or postnatal, but could find no evidence on 
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histological exarainatioii of scar tissue, uewgrowtli or sy])liilis, and 
concluded tliat the nan-owing was the result of an autochthonous 
organized thrombus of unknown origin. 

Costa“ in 1930 described the case of a female, aged forty-nine years, 
who died suddenly in tlie street. At autopsy tliere was found a rupture 
of the fn-st left intercostal artery and extensive hemon-hage into the 
mediastinum and prevertebral connective tissue. Between the first and 
second pairs of intercostal arteries a pronounced annular con.striction 
of the aorta was found. Tlie aortic coats above and below this stenosed 
area appeared grossly normal, and the caliber of the pi’oximal part 
of the aorta was not larger than usual. Oil histological examination 
the intima proximal to the stenosis was thickened and fibrous but 
showed no degenei-ative changes. The other coats were essentially 
normal. At the site of narrowing, howcA'cr, the intima and the inner 
half of the media appeai-ed to be separated and yiartly invaginated, 
thus encroaching on the lumen to form a nai*i‘ow diaphragm. The 
outer half of the media and adventitia at the level were slightly in- 
dented. Below this .steno.sis the intima, extending into the iliac and 
femoral arteries, was thickened and fibrous. In the muscular artei-ies 
there was an increase of fibrous tissue throughout the media with 
patchy fatty degeneration and calcification. Costa suggests that the 
aorta had maintained its embryonic caliber due to the presence in its 
wall of residual tissue from the primitive right aorta which normally 
joins the left one at about this level. 

The most recently reported ease is by Schleckat-^ in 1933. A man, 
forty-four years old, complained of a feeling of fullness and pre.s!3ure 
in the chest, occasional eructation of gas, poor appetite, and distress- 
ing thirst for four years. He died of bronchopneumonia. There was 
found at autop-sj' a constriction in the aorta at the level of the dia- 
phragm which just admitted a 3 mm. probe. The aorta above the nar- 
rowed part was unifonnly dilated, and the heart was described as 
“three times the size of the fist.” Below the stenosis the aorta was 
of normal size. Throughout its length, the intima .showed many 
atheromatous plaques. l\Iieroseopieally there was a patchy diffuse and 
ciremnseribed thickening of the intima with deposits of “lipoid.” 
The media was everywhere intact, and the adventitia showed focal 
collections of small round cells, Avhieh did not penetrate the media. 
The serum AYassermann reaction was three-plus; the Meineeke test 
Avas negative. Schleekat belicAms, like Costa, that the stricture Avas 
due to some irregularity in the dcAmlopment of the system of aortic 
arches. 

It is impossible to state exactly the causal mechanism of the stenosis 
of the abdominal aorta in the ease reported here. None of the au- 
thorities consulted (Herxheimer,^^ Hoehstetter^^ Keibel and Mall,^'* 
Keith, A'on Kolliker,^*- Ruekert and Mollier^®) mention such an 
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anomaly, and any explanation can only be hypothetical. It is known 
that the two dorsal aortas (oniphaloniescnterics) arc partly fused in 
the human embryo of 23 paired somites, i.e,. about the fourth week of 
fetal life (Thompsoin-'^). Shortly after this they fuse completely, 
forminir a sinjrle blood channel. Fanltj' fusion is known in raie cases 
to result in an aorta which is divided longitudinally into two by a thin 
partition (von Kdlliker). It is therefore possible that stenosis of the 
abdominal aorta, as found in this instance, wa.s due to (1) lack of, or un- 
equal fusion of, the two dorsal aortas at one point with obliteration and 
loss of one of them; (2) kinking of the fused aortas with consequent 
localized increased longitudinal tension producing a. jiermanent nar- 
rowing. Of these it would seem that the first is the more pi’obable 
and thus fits into the general category of developmental inhibitory 
faults which result from imperfect, or lack of pi’oper, fusion of origi- 
nally dual embryonic parts with I'cduction or loss of one of them. The 
exact causes of this inhibition remain obscure. No evidence was dis- 
covered which would make it likely that this lesion resulted from an 
acquired intrauterine disease. 


SUMMARY 

An unusual instance of congenital narrowing and comiilete occlusion 
of the midabdominal segment of the aorta, immediately beloAv the 
renal branches, in a woman aged eighteen years, is described. The 
case was clinically under observation for nearly five years, and the 
circulatory changes and the collateral circulation Avere folloAved and 
.studied. During the last year of her life she developed an infection 
of amebic dysentery to Avhieh she succumbed, in sjute of active treat- 
ment, AAoth a perforated cecal abscess. 

Autopsy disclosed the midaortic narroA\'ing and thrombotic obstruc- 
tion Avith a tremendous aoi'tic Avidening above it. BcIoav it the aorta 
and the iliac brandies aa'ci’c delicate and Avell preserved. The col- 
laterals Avere prominent and thick AA'alled. A careful anatomical study 
of the case led to the conclusion of a congenital anomaly from lack 
of proper fusion of the original tAA’o dorsal aortas, AAuth regression and 
lo.ss of one of them. This, judging from the literature and the number 
of re])orted cases, AA’hich are briefly revicAved, must be an extremely 
rare occurrence. 
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HE3\rODYNAiMIC STUDIES IN EXPERIMENTAL 
CORONABY OCCLUSION'== 

I. Open Chest ExPErjMENTS 

Louis Gross. I\I.D., i\riLTON ]\Iendlowitz, M.D.,t 
AND Gerhard Schauer, M.D, 

New York, N. Y. 


F OLLOY'ING acute oeehision of a main coronary branch in the 
luimaii or in an experimental animal there occur a series of events 
which lead to death in a high percentage of the cases. Although it 
is generally recognized that death under these conditions is attribu- 
table to changes in the circulation as a Avhole as Avell as to local 
changes Avithin the heart, there are available relative!}* few objective 
contributions to the hemodynamics of the eircnlation as a whole fol- 
lowing acute coronary branch occlusion. This is largely due to the 
fact that until recently there were no accurate means for studying the 
various factors which reflect the status of the entire circulatory system. 

In recent yeai’S, however, several important contributions have been 
made in this field, Orias^ ligated the anterior descending branch of 
the left coronary artery in dogs and noted the effects on the circula- 
tion by means of strategically placed sensitive manometers. The con- 
tractions of the left A^entricle immediately became markedly hypody- 
namic. There Avas a similar but le.ss marked effect on the right 
ventricle. Although the cardiac output Avas not measured as such, 
Orias belieA*ed that it Avas probably profoundly diminished. In many 
of his cases the iiressure rose AA'ithin seA'eral minutes to normal or 
aboA’e noiTnal. Orias concluded that in these cases the A^entricle re- 
acted to the increased stretch. He did not take into account the 
possibility that the output might still be reduced, the normal or ele- 
vated pressure being due to a compensatory peripheral vasoconstriction, 
Pishberg, Hitzig and King- studied the hemod.AT.iamic effects of 
coronary occlusion in man and believed the shock to be probably 
“peripheral.’^ They measured the blood volume in tAventy-nine of 
their cases and interpreted their results as indicating a tendency 
toAvard diminution. Study of these cases reveals only one in Avhich 
the blood volume was unequivocally subnormal. What collateral fac- 
tors Avere present in this case, or whether an error in technic could 
have b een made, is conjectui’al. 

Laboratories of The Mount Sinai Hospital, New A^ork, N. Y. 

Walter AV. Naumburg Funds. 

I George Blumenthal, Jr.. Fellow. 
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On clinical grounds, T. R. Harrison^ slates: “Aside from the pain, 
the most sti'iking clinical phenomena in persons with coronary tlirom- 
bosis are those referable to the acute alterations in the dyiiamics of 
the circulation. These phenomena are of two types; one group, such 
as weakness, dizziness, faintness, syncope, unconsciousness, feeble heart 
sounds, diminution in blood pressure and especially the pulse pressure, 
alternation and feebleness of the pulse, pallor, dusky cyanosis, and 
subnormal temperature being due to diminished cardiac output because 
of sudden damage to the heart. The second group of circulatory phe- 
nomena are those of congestive heart failure dependent on acute 
dilatation of heart.” 

The present report* deals with an investigation on the hemodj'iiamics 
of the cirettlation in dogs following sudden ligation of the left anterior 
descending branch 2 cm. below the left coronary ostium. Ina.smuch 
as the numerous experimental procedures produce considerable pain, 
all studies Avere carried out Avith the animals under anesthesia. We 
confined our control studies to (a) the effect of anesthesia alone and 
fb) the effect of anesthesia folloA\md by thoracotomy and coronaiy 
artery dissection Avithout ligation. In the latter series, as aa'cII as in 
the coronary ligation group, the te.sts AA'ere made after closing the 
chest. The changes Avhieh Avill be described are to be considered only 
in relation to the conditions under AA’hich the experiments Avere carried 
out. In order to eliminate the immediate effects of thoracotomy, 
similar .studies AAmre cai-ried out in ten additional dogs folloAving left 
anterior descending branch ligation in the closed chest. This Avas 
accomplished by a special procedure Avhich, together Avith the re.sults 
obtained, will form the .subject of a separate communication. 

With the ob.ject of obtaining a relath'ely complete picture of the 
cireulatorA^ changes Avhich follow these procedures, the following fac- 
tors were inA^estigated in thirty dogs (10 dogs in each group) : 

1. Cardiac output, 

(a) Minute Amlume ; (b) stroke volume. 

2. Circulation time. 

(a) Ether method; (b) cyanide method. 

3. Arterial blood pressure. 

4. Venous blood pressure, 

5. Blood volume. 

(a) Cell volume; (b) plasma vohime; (c) total volume. 

6. Serum proteins. 

(a) Albumin; (b) globulin; (c) total. 

7. Hemoglobin per cent and erjdhrocyte count. 

8. Tempei-ature. 

35:*44([ report of these flndinBs see Proc. Soc. Exper. Biol. & Med. 
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METHODS 

Siiituble juetliocLs for carrying^ out the numerous tests rapidly and ofiicicnth uerc 
developed in a series of preliminary experiments. It may be of value, therefore, to 
describe the procedures in their proper order. The dog, usually weighing from 10 
to 20 kg., was not fed for twenty-four hour.‘;. The animal wa.s .strapped on its back 
to an operating table, the straps liolding down the four paw.s and upper teeth. 
Enough nembutal (peutobarbitul sodium) was given via an ear vein to produce 
satisfactory anesthesia. Hetwcon 5 and 10 grains were u.sually needed, i.e., % grain 
per kilogram of body weight. A tracheal catheter was inserted and oxygen con- 
sumption measured by the method to be described. The femoral artery was then 
punctured and the moan arterial blood pressure measured. Five cubic cenlimoter.s 
of blood was withdrawn from (he other femoral artery for arterial blood oxygen 
determination. Then tlie right heart wa.s punctured to obtain 5 c.c. of mi.xed venous 
blood for oxygen determination. I'lie first blood volume samide was withdrawn from 
the right external jugular vein. With the needle in jdueo, the venous pressure was 
measured with an L-tubo (observing the jirceautions to be de.-icribed), following 
which 5 c.c. of Congo red dye solution was injected. 3-^ive minutes later the second 
blood volume sample was withdrawn from the left external jugular vein. Again leav- 
ing the needle in place, other wa.s injected and the ether time measured. Several min- 
utes later, cyanide solution wa.s injected for t!ie cyanide time. Tlic temperature was 
taken per rectum, and the dog weighed. The hemoglobin, orythrocyle, and serum 
protein doterniination.« were done from the first blood volume samjtlo. For any one 
.seric.s of experiments, usually carried out in from 2b to oO minutes, about 30 e.c, 
of blood ill all Avorc withdrawn. 

Tlie cardiac output* was delermined by means of the Fie.k principle,' viz.; 

oxygen consumption pc*r minute 

i mute 10 lime. volume % arterial blood oxygen - volume % mixed venous ^ 

1)1 ood oxygen 

, , miniile volume 

btroke volume = — ; : 

heart rale 


The oxj’gen consumption was measured with a 3035 Sanborn basal nieluboUsm 
apparatus. It was attached to a tracheal catheter at the end of which a rubber 
cuff Avas inflated to jircvonl leakage. As an additional precaution, the throat and 
mouth Avere packed Avith wet gauze. The slope of the kymographic tracing Avas 
usually quite straight, and a leak Avas A-ory ea.sily detected. While the oxygen con- 
•suniptiou Avas being measured, the pulse rate Avas determined twice, fl'lie arterial 
blood Avas collected in an oiled syringe by puncturing a femoral artery. The blood 
was then quickly introduced under oil into a test tube, the bottom of which had been 
coated Avith enough oxalate to make a 0.3 per cent solution. It Avas then kept, on 
ice until the determination ivas made. The A'cnous blood Avas obtained with a lumbar 
puncture needle. If the needle was inserted in the third interspace to tlie riglit of 
the sternum pointing posteriorly, inferiorly, and only sliglitly mesially, the right 
ventricle Avas usually inmcturcd Avith case. Tlie color of the blood and the pressure 
m the syringe Avere usually good indices of Avhethcr the needle Avas in the right or 
left ventricle. If there was any doubt, another sample aavus obtained. This mi.xed 
venous blood Avas treated like the arterial sumiile. The oxygon determination.s Avere 
made within a few hours by the Van Slyko method, s each determination being 
checked within a fraction of a millimeter of mercury. Tliese procedures Avere found 
to be of sufficient refinement for our purposes. 
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Tlio blood voluino was measured by a modification of the Keith, Rowntreo and 
Geraghtyo dye injection method. This unimblislicd modification was introduced 
at the Mount Sinai Ho.spital by Hr. Natlian Ro.sentlial. Two birge drop.s of 20 
per cent potassium oxalate solution were put into two graduated 35 e.c. centrifuge 
tubes. Ten cubic centimeters of blood was withdrawn from the external jugular 
vein, avoiding mechanical passive conge.stion. The blood was run slowly down the 
sides of the centrifuge tube to prevent the formation of bubbles, and was then 
mixed with the oxalate solution by inverting the tube .several times. Five minutes 
after the injection of 5 c.c. of 1 per cent solution of Congo red dye, another sample 
a-as withdraa-n from the other external jugular vein and treated like the first sample. 
The tubes a-ere then capped and centrifuged at high speed for forty-five minutes. 
The hematocrit readings taken directly from these ta-o large gradutilcd centrifuge 
tubes were averaged. The dilTcrenees were always slight. The supernatant plasma 
a'as then removed with a pipette, and the colons were matched a’ith the standard 
in the usual amy. When a second determination a'as done within a sliort time 
after the first, the remaining dye in the plasma, being incorporated in the stand- 
ard, did not interfere a'itli the results. The question of hemolysis aro.se as a pos- 
sible factor of error in our determinations. Wc found flic qualitati\'e and quan- 
titative spectroscopic methods for its detection too comjilicated and refined for 
our purposes. We, therefore, emploj-cd a .simple guaiac ring test on the plasma 
a'hich a'as found adequate to detect an^- significant amount of hemolysis.* Except 
for occasional traces which a'erc readily discovered, there a'as rarely any gross error 
from this source. 


The arterial blood pressure was measured bj' puncturing the femoral artery with 
a 19-gauge needle a-hicli was attached by a three-way stopcock to a syringe and 
mercury manometer. We found the mean blood pressure to be very labile. Varia- 
tions in the depth of anesthesia and therefore in the sensitivity of the aortic de- 
pressor and carotid sinus mechanismsr might account in part for this lability. It 
was also thought that the sluice mechanism in the hepatic veins,® so active in the 
dog, might introduce an additional variable in the mea.surement of .sy.stemic arterial 
blood pressure. 

The venous pressure was measured by the direct method.^ A graduated L-tube 
washed with 3 per cent citrate solution was attached to a 10-gauge needle which had 
been inserted into the external jugular vein. The pressure was measured in 
centimeters of water. Inasmuch as the relation betu'een the level of the e.xtemal 
jugular vein and the level of the heart varied in different animals, no absolute 
values could be established by this method. The relative changes, however, could be 
fairly accurately determined. The precaution of loosening the upper paws had to be 
taken since excessive traction occasionally mechanically constricted the veins and 
gave a high reading. In preoperative and postoperative measurements ' there was 
an unavoidable source of error. Despite all efforts to “blow off” the residual pneu- 
mothorax when closing the chest, some air was frequently left. With the animal on 
its back the lungs and mediastinal structures sank toward the back. This made the 
level of the heart lower with respect to that of the jugular vein than it had been 
before the operation. This was emdent by the greater depth to which the needle 
had to be inserted in order to reach the lieart. Another variable factor was the 
partial residual pneumothorax duo to the tlioracotomj'. Venous pressure readings 
in the open chest experiments were, therefore, of questionable significance. In the 
closed chest experiments these sources of error were eliminated. 


of Austin ha-ve recently reported a benzidine test for the detection 

or hemolysis in serum volume determinations (Am. J. Physiol. 117: 474, 193G). 
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Tlie ether circulatiou tmie^o iivas measured by injecting 0.5 to 1 c.c. of ether, plus 
an equivalent amount of pliysiological saline solution, depending on the size of the 
dog, into the external jugular vein. The time elapsing between the injection and 
the detection of the etiier in the exhaled air was measured with a stop watch. The 
chief source of error was a slow respiratory rate. If it was verj' slow, several 
seconds might elapse before the alveolar air containing the ether was exhaled. Tliis 
'happened only occasionally, and the error was always noted. Another source of error 
was infiltration of the fluid out.side the vein, a rare accident. 

The cyanide circulation tiincn was measured several minutes after the general 
cftect.s of the ether had been permitted to wear olF. One-half to one cubic centimeter 
of 1 per cent solution of sodium cyanide was used. The time elapsing between the 
injection of the solution and the onset of deep rapid breathing was recorded with 
a stoj) watch. Slowing of the pulse was found to be a less reliable end point, AVhen 
freshly prepared solutions of this concentration were used, there were rarely any 
ill effects, even in animals already very sick. The effects of the poison were usually 
transient, subsiding apparently completely in from five to fifteen minutes, so that 
subsequently another circulation time could be done without risk. Occasionally 
tlie end point was not sharp. Tliosc instances were always recorded as such. 

The other measurements served as additional checks on our method. The per- 
centage of hemoglobin was read on an ordinary Sahli hcmoglobinonieter and the 
erytliTOcyte count done on a standard hcmocytonieter. These usually checked with 
variations in cell volnmc and arterial blood oxj-gon. O.xygon saturation was not de- 
termined because its e.stimated value did not seem commensurate with the additional 
time required. The serum protein determinations were made by the colorimetric 
method.^= They served as a rough chock on the character and the amount of fluid 
lost. Temperatures were tulcen per rectum, 

EXPERIMENTAL 

A lieterogeiieous group of mongrel dogs tveighing from 10 to 20 kg. 
were used for these expeiiments. They varied in age, sex, and nutri- 
tion. They were quarantined for two weeks to eliminate those with 
distemper. One week prior to operation some of the animals were 
subjected to a series of studies as outlined above. In all dogs similar 
studies were done before and after operation, and if the animal sur- 
vived, one day and one week later. At the end of this period the 
surviving animals were killed. 

In order to occlude the anterior descending branch of the left coro- 
nary artery, we employed the operative technic described by Gross, 
Blum, and >Silverman.^''* After adequate anesthetization with nembu- 
tal (pentobarbital sodium), artificial pulmonary insufflation with a 
Starling pump was instituted. The chest was opened in the third 
interspace on the left. The Inug was packed down out of the way; 
the pericardium was incised parallel and anterior to the phrenic nerve ; 
and the anterior descending branch of the left coronarv artery was 
laentifled. TMs was carefully dissected as near to its source as pos- 
sible. It was then ligated in two places with a No. 4 silk thread and 
serered between ligatures. The pericardium and elicst ivere closed 
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•Fifteen ininules after induction of aneKtiio-sia. 
fForty-ilve minutes after induction of anestliesia. 

tUsidfr tlie Rubnor constant for the dofr, these values wore computctl frouj the Viorordt-Areeli formula, surface area in so. m. ~ 0.112 
(weight in Ics'.)- 
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with silk sutures and the residual pneumothorax “blown oft’.” In the 
thoracotomy control group, exactly the same operative procedure, in- 
cluding dissection of the coronary branch, was carried out. In these 
animals, however, the vessel was not ligated. 

Complete autopsies were done on all the animals that died or were 
killed. Each heart was examined, and, if an infarct was found, its 
size and character were noted. The left anterior descending branch 
was always probed to determine its patency. If an infarct was present, 
the heart was injected by the mctlmd of Gross’^'^ to determine its ex- 


Anesthesia controls Thoracotomy controls L.A.D. ligations 



A B c 

Fig:. 1. — ^Average per cent changes in cardiac output (continuous black line) and In 
blood volume (dotted line) per square meter of surface area. 


tent more exaetl}^ Several of the animals in which the arteries were 
ligated died of ventricular fibrillation. Others died presumably of 
shock and pulmonary congestion. The most frequent cause of death 
in all dogs was pneumonia. Pneumothorax due to lung injuiy was a 
less common complication. Wound infection, hemopericardium, peri- 
carditis, empyema, and lung abscess were rare. There was an occa- 
sional death following the injection of cyanide. 

Table I lists the findings following the administration of anesthesia 
and therefore serves as a base line for the experiments to be described. 
Apart from the not inconsiderable fluctuations as between the differ- 
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eiit animals, the only point worthy of note was a moderate immediate 
fall in average cardiac output. The decrease in average cardiac output 
became somewhat greater within twenty-four hours (Fig. lA). A 
week later the average cardiac output was again measured and found 
to have, returned to tlie original level. The exact time when this re- 
turn took place was not studied. Figure 2 illustrates the case dis- 
tribution as to immediate changes in cardiac output in this and in the 
subsequent experimental groups. 

Table n lists the lindings in the thoracotomy control group. In 
these animals, thoracotomy and left anterior descending branch dis- 


Change in 
minute volume 



Nig. 2. — Inclivkliial case dLstribution witlj reference to the changes in cardiac output 

directly after the procedure. 


section (without ligation) were carried out under anesthesia. Hemo- 
dynamic studies were made before opening and after closing the chest, 
xis is seen, there was a somewhat greater immediate fall in average 
cardiac output wliich, however, tended to rise above the preoperative 
levd within twenty -four hours (Fig. IB). We are inclined to believe 
that the rise in some dogs in this group (Fig. 2) as well, as in the 
coronary ligation group is'^’ attributable to the partial pneumothorax 
follovdng the thoracotom 3 ^ 


largJr^'seHe^ preligation level is more apparent than real. Study of a 

rise in (manuscript m preparation) discloses a twenty-four-hour 

nse m a\erage cardiac output , to almost preligation levels 
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Left Anteiuor Descending Biiancii Ligation Expeuijients 
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Those animals in which the anterior descending branch of the left 
coronary artery had been ligated presented an immediate decrease in 
average cardiac output more profound than in cither series of con- 
trols (Table HI). The findings in the individual dogs (Fig. 2) suggest 
that the diminution in cardiac output occurred consistently. Within 
tAventy-four hours, the average cardiac output rose above^' the pre- 
operath'e level (Fig. IC). Determinations made one week later on 
tAvo surAUAung dogs shoAA'^ed a return of the aA'crage minute volume 
to the preoperatiA'e level. The immediate decrease in cardiac output 
Avas not accompanied by any marked diminution in oxygen consump- 
tion. A peripheral effect on metabolism could, therefore, not be held 
accountable for the diminished minute volume. It A\'as the increase 
in arteriovenous blood oxygen difference that aalts usually the impor- 
tant factor. Since the pulse rate shoAA'cd no comsistent A’ariations (a 
slight aA’erage acceleration in the ane.sthesia control group, as against 
a moderate average retardation in both of the other Iavo groups) the 
changes in stroke A'olume, except for occasional deA'iations, u.sually 
folloAved those of minute volume. The changes in temperature AA’-ere 
frequently directly proportionate to those in cardiac outpAit and oxy- 
gen con.sumption, and inA’^ei'sely proportionate to those in the arterio- 
A’euous blood oxygen differences. 

The diminution in blood volume aalts no greater in those dogs Avhose 
left anterior descending branch had been ligated than in the control 
groups. The small decrease often observed AAms usually at the expense 
of the plasma A'olume, there being a corresponding concentration of 
cells. The relatiA’ely .slight changes in the percentage of hemoglobin 
and in the erythrocyte count usually agreed AAUth the changes in cell 
volume and in arterial blood oxygen. There AA-as rarely any significant 
change in serum proteins. 

Recording of A^enous pre.ssure, as previously mentioned, aa^s sub.iect 
to appreciable error. No significant changes AA'ere observed. Although 
fluctuations in mean arterial blood pres.sui-e Avere sometimes extreme, 
the anesthesia control group on the AA'hole shoAAmd negligible changes. 
The thoracotomy control group, as aa'cH as the group AA'ith coronary 
branch ligation, shoAA'ed an immediate fall in mean arterial blood pre.s- 
sui’e AAdiich aA-eraged 28 mm. of mercury for each group. Inasmuch 
as both groups shoAved the same immediate fall, this cannot be at- 
tributed to the ligation alone, as aa^s assumed by preAdous obseiwers. 
HoAA^eAmr, the observations on blood pressure recorded here refer, Avith 
fcAv exceptions, to preoperatiA’^e and immediate postoperatiA'e levels. 
These, therefore, do not indicate the possible changes in blood pressure 


‘This rise above the prcligation level is more apparent than real. Studv of a 
animals (manuscript in preparation) discloses a twenty-four-hour 
rise in average cardiac output to almost preligation levels. 
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wliicli may occur tweiiiy-loiu* liours and over after the experimental 
procedures. Sucli stiidie.s are bcinjr conducted at present and will 
form the basis of a subsequent report. 


Ether circulation time also remained relalively unchan;;red, Avhereas 
the cyanide circulation time was jnodcrately prolonged in the thoracot- 
omy control jrroup; but considerably more prolonged following left 
anterior descending branch ligation. This could be regarded as evi- 
dence of congestion in the puhnonaiy veins. The electrocardiograms 
were helpful adjuncts to our ])rocedures. The changes that occurred 
folloAving occlusion of the left anterior descending branch were so 
characteristic and constant (Gross and Galef^'") that they were of help 
in determining the status of the animal in doubtfid cases. 


DISCUSSION 

For reasons inentioned aboA-c, no figures are available on the hemo- 
dynamic findings in the normal unanesthetized animal. lIoAvevcr, if 
one takes as a base line the changes as observed under anesthesia 
AA'ithout operation, it is seen that the only appreciable altcration.s 
AAdiieh folloAA' thoracotomy alone are a tendency for the blood ])ressuro 
to fall and for the moderately de(;reased average cardiac out]nit to 
]’eturn to preoperative levels somcAvliat more rapidly. The additional 
factor of left anterior descending brancli ligation is associated Avith 
a moderate immediate fall in average blood pressure. This is similar 
to that obsei'A’ed in the thoracotomy controls. No definite relation can 
therefore be established in our experiments betAveen the A’ascular oc- 
clusion and the immediate decrease obserA-ed in the mean arterial 
blood pressui’e. As mentioned before, these observations on arterial 
blood pres.sure refer only to the period immediately folloAAung the 
operative procedures. The aA’erage cardiac output, in contrast to the 
arterial blood pressure changes, shoAA'cd a definite immediate decrease 
considerably greater than that obserA’od in either control group. This 
decrease Avas also associated Avith a moderate prolongation of cyanide 
eii’culation time. The twenty-four-hour and onc-AA’eek average A'aliies 
for cardiac output are based on les.s reliable statistics since the deter- 
minations Avere done on the .suiwiving dogs Avhich I’epresented consid- 
erably smaller groups of animals (5 in the anesthesia gi'oup, 4 in the 
thoracotomy group and 3 in the coronary ligation group). Tlie rela- 
tiA^ely .slight differences in average cardiac outjnit betAveen the tAvo 
control groups is contrary to the reported marked effect of thoracot- 
omj on cardiac Output.’^ It Avas, neA’^ertheless, deemed adAUsable to 
eliminate completely the factors introduced by thoracotom.y. The 
results of left anterior descending branch occlusion produced in the 
clo.sed chest AAuIl be sub-sequently reported. 
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SUMMARY 

1. Metliods are described for the study of the liemodyuamic changes 
following left anterior descending coronary branch occlusion. 

2. Anesthesia (nembutal) alone, anesthesia and thoracotomy, and left 
anterior descending coronary branch ligation carried out under anes- 
thesia are accompanied by minimal immediate changes in pulse I'atc, 
venous blood pressure, hemoglobin, erythrocyte count, blood volume, and 
serum proteins. These changes are similar in all thi-ec groups. Licft 
anterior descending branch ligation is associated with a moderate im- 
mediate fall in mean arterial blood pressure wliich, bowevei', is no 
greater than that observed in the thoracotomy control group. Studies 
on arterial blood pressure twenty-four hours ajid over after these ex- 
perimental procedures Avill be reported subsequently. 

3. There is a somewhat greater immediate fall in teni])erature in the 
left anterior descending eoronaiy branch ligation group. 

4. Ether circulation time remains relatively unchanged, whereas 
cyanide circulation time is somewhat lengthened following left an- 
terior descending coronary branch ligation. 

5. Under anesthesia there occui*s a moderate immediate decrease in 
average cardiac output. 

6. After thoracotomy under ane.sthe.sia, the immediate decrease in 
average cai’diae output is not significantly dilferent from that under 
ane.sthe.sia alone. 'Within twenty-four hours the average cardiac out- 
put tends to rise to or above preoperative levels. 

7. Following ligation of the left anterior descending coronaiy 
branch under anesthesia, there is a consistently gi’eater immediate 
diminution in cardiac output. This also tends to rise to or above pre- 
operative levels within tAventy-four hours. 
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HE]\rODYNAMIC STfJDIES JN EXPERIMENTAL 
CORONA R Y OCCLUSl ON«'' 

IJ. Closed Chest Exdeislmexts 

Milton I\Iendlowitz, Gekiiahd Sctiauer, and 

Louis Gross, M.D. 

New York, N. Y. 

I N PREVIOUS reports^- - we have recorded llie effects of ligation of 
the anterior descending branch of the left coronary artery on 
cardiac output, blood pressure, circulation time, blood volume, and 
related functions, in the dog. Control observations on the changes in 
these functions under anesthesia alone and under anesthesia plus 
thoracotom.y revealed a moderate immediate diminution in avei’age 
cardiac output in both of these series of animals. In .spite of the fact 
that there wa.s no significant difference in immediate average cardiac 
output as between these two control groups, it was deemed advisable 
to eliminate the thoracotomy factor at the time of ligation in order 
to make possible a less complicated appraisal of the circulatory changes 
after coronary occlusion. 

In order to e.stablish a satisfactory technic for acute occlusion of 
the left anterior descending coronary branch in the closed chest, we 
experimented with various procedures. The glass cannula of Sutton 
and LuetlP was found to be unsatisfactory because it necessitated the 
introduction of a rigid tube into the che.st with possible limitation of 
cardiac movement after ligation and with the danger of infection 
and pneumopericardium. IMetal clanpis were a possible source of 
local irritation. It was thought, hoAvever, that ligation of the artery 
from the exterior of the che.st could be made feasible by the use of a 
suitable .slipknot. An important feature in the selection of the knot 
was to have one in which the ends of the threads emerge at oppo.site 
points on the chest in order to avoid pulling or rotating the heart by 
traction on the thread. An adaptation of a double slipknot (the 
double carriek bend used for reefing) seemed to answer the require- 
ments. Figure 1 illustrates diagrammatically the arrangement of this 
knot aroiuid the coronary vessel. 

experimental, 

The application of the knot is carried out in the following manner : 
The chest and pericardium are opened in the usual way. A portion 
of the anterior descending branch of the left coronary artery near its 

•From the Laboratories of The Mount Sinai Hospital, New York, N. Y. 

Aided by grants from the Lucius N. Littauer and Walter AV, Naumburg Funds. 
IGeorge Blumenthal. Jr., Fellow. 

Aided by a gr.ant from the Emanuel Libman Fellowship Fund. 
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origin is freed by careful dissection. A double thread (No. 2 Pageii- 
stecher liiieii) is then passed under the vessel with a blunt lialf curved 
needle. The knot is made as shown in Fig. 1 and drawn loosely 
around the vessel by traction of both upper threads against both 
lower threads. AA'ith a straight ITagedorn needle the ui>per threads 
are then passed through the anterior pericardium and chest wall to 
the left of the sternum beyond the edge of the wound. Leaving suffi- 
cient slack, the emerging threads are sutured to the skin with one 
stitch and lied securely. The two ]>osterinr threads are passed 
through the posterolateral jiericardinm well below the jdirenie nerve. 



Flj?. ,1. — The double carrick bend in place on the left anterior doKcendin^c coronary 
branch. Aj Detail of the knot around the iulory in croKJs-.'^ection. 


They. are then passed between the lower and middle lobes of the left 
lung, and with a long straight Hagedorn needle, brought through the 
posterolateral chest wall in the fourth or fifth interspace. The emerg- 
ing threads are sutured to the skin and tied. The pericardium and 
chest are closed in the usual manner, and a dry gauze dressing is ap- 
plied and kept in place by a wide adhesive bandage and a dog-jacket 
made of a towel and safety pins. The artery is ligated one to two 
weeks after the operation in those dogs which survive this procedure. 

The ligation is done under sterile monditrons. The slack is elimi- 
nated by traction of the anterior two threads against the posterior 
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two. Any adhesions that have formed are broken in this way. One 
of the anterior threads is then drawn taut by traction against one of 
the posterioi', following which action the other anterior thread is 
pulled against the other posterior one. This serves to tighten the 
double noose gradually and, with several alternations, completely. 

The completeness of the vessel occlusion produced in this manner 
was confirmed by many observations. In only one of the dogs which 
died before the knot was tied, was the artery found occluded. In one 
other experiment there was electrocardiographic as well as physio- 
logical evidence that the vessel had been occluded by the ligature be- 
fore the actual manipulation of the threads. In these earlier experi- 
ments, insufficient slack had been left. In one animal in which the 
artery had pi'esumably been ligated, the vessel was found to be patent 
at autopsy. There was a small pericardial abscess at the site of the 
Icnot, causing dissolution of the thread, which in this early experiment 
was silk and not linen. With these exceptions, the vessel was found 
to be patent in all animals which died before the knot was tied, and 
in those dogs in which the artery was ligated there was always elec- 
trocardiographic evidence of occlusion. Purthennore, when the lat- 
ter animals came to autopsy a pi’obe could not be passed beyond the 
ligature, and if the dog had survived for more than several hours, an 
infaret could be seen grossly and demonstrated by injection. 

The electroeai’diogram was usually of considerable aid in determin- 
ing the cardiac status. As emphasized by Harris and Hussey"* and re- 
cently confirmed by Gross and Calef,*' the charaeteri.stic change after 
left anterior descending branch occlusion was elevation of the R-T 
segment in Lead I -with or without depression of this segment i7i Lead 
III. Li one dog, for example, in which the electrocardiogram showed 
no change and the physiological studies were atypical for occlusion, 
autop.sy disclosed that the noose had accidentally been placed around 
some muscle fibers and not around the aidery, which was patent. 

In our control experiments exactly the same procedure was cari-ied 
out, except that the ligature was placed around some relatively avascu- 
lar left ventricular muscle near the vessel. Electrocardiographic 
changes considered charaeteri.stic of anterior ventricular wall infarc- 
tion were never found in these cases. 

Ten dogs were used for the control experiments and ten dogs for 
the left anterior descending branch ligation. In both gi’oups a series 
of studies was canded out on the hemodynamics of the circulation 
similar to those described in the previous report. Tliese studies were 
made under anesthesia before and after traction on the external 
sutures, one daj'' later and one week later. 
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As sliown in Table I, the results following ligation of a small por- 
tion of myoeardinm by traction on the sutures outside the chest were 
not appreciably different from those described in the previous report- 
following anesthesia alone or anesthesia plus thoracotomy. There was 
a moderate immediate decrease in the average cardiac output which 
remained at approximately the same level at the end of twenty-four 
hours (Fig. 2A). No further studies were made until one week later, 
when the average minute volume was found to be considerably’’ above 
the preligation level, due, presumably, to the associated relative anemia 
which these animals developed. 

Double carricK-bend Double carrich-bend 
controls experiments 
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90 
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A D 

Pig. 2. — ^Average per cent changes In cardiac output (continuous black line) and In 
blood volume (dotted line) per square meter of surface area. 

Similarly (Table II), ligation of the left anterior descending branch 
by traction on the sutures outside the chest was followed by’ essen- 
tially the same immediate changes in cardiac output (Pig. 2B) as 
occurred in the dogs in which ligation was performed in the open 
chest.- Immediately after ligation of the vessel there was a decrease 
in average cardiac output more profound than in the control group. 
The cardiac output of individual dogs showed this decrease eonsist- 
ently (Pig. 3). Twenty-four hours later, the average output had 
risen somewhat but had not y'-et reached preoperative levels. One 
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week later, the average minute volume was closer lo the preligation 
level. The twenty-four-hour and the one-week average values repre- 
sented fewer animals and were therefore considered less reliable. 

The changes in the other functions were also similar to those ob- 
served in our previous experiments.- Tlie tempei-aturc, usualh' in 
direct ratio to the miiuite volume, was lower after ligation of the 
artery than in the control dogs. The arteriovenous oxygen dilTcrence, 
usually in inverse ratio to the cardiac output, was greater after liga- 
tion of the vessel than after ligation of ventricular muscle. Although 
there was a moderate prolongation of cyanide cii’culation time in some 

Change in 
minute volume 



Fig. 3. Individual case distribution with reference to tlie changes in cardiac output 

directiy after the procedure. 

of the control animals, this was usually more marked in those dogs in 
which the vessel was ligated. Thei'c was no significant change in 
ether circulation time. The blood volume was usually slightly dimin- 
ished in both groups, and the changes in hemoglobin percentage and 
in eiythroe3Te count u.suallj’' coincided with those in cell A’olume. The 
serum proteins remained relatively luiehanged. The average pulse rate 
was moderatelj^ retarded in the animals in wliieh the A'e.ssel was ligated. 
The average immediate change.s in blood pres.snre tvere approximate!}’ 
the same as in the anesthesia controls previon.sl3’ described.- There wa.s 
no immediate decrease in the average mean aiherial blood pressure in 
either group such as was observed in our thoraeotom}- controls or after 
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ligation in the open cliest. The observations on arterial blood pressure 
made twenty-four hours and over after ligation of the artery or of myo- 
cardial fibers (control) suggesta fall in blood pressure in both groups of 
experiments which exceeded that found in the anesthesia and thoracotomy 
controls. The number of animals on Avhich these blood pressure read- 
ings were made was too small to wari-ant definite conclusions. A 
more extended series of such studies will be reported elsewhere. 

Although the venous pre.ssure was not subject to the errors intro- 
duced by thoracotomy, i.e., alteration in the position of the heart and 
increased intrathoracic pressure because, of residual jnieumothorax, it 
did not change consistently with coronary artciy ligation. It must 
be remembered that the venous pressure, like the arterial pressure, 
represents a balance of two opposite forces. One is the head of pres- 
sure remaining after the blood has traversed the capillaries, plus any 
additional pre.ssure afforded by the tone of the venous vessel walls and 
of the surrounding muscles. The other is the resistance encountered 
in the chest and heart, jilus or minus the hydrostatic pre.ssure. depend- 
ing u])on the level at which the venous jiressure is measured in relation 
to the heart. Since the hydrostatic factor is constant in our experi- 
ments, it can be considered eliminated for comparative purposes. The 
competence of the venous valves is another factor which, for our pur- 
pose.s, can he neglected. In our experiments, then, the diminution in 
cardiac output would tend to reduce the residual head of pressure in 
the veins. The congestion in the pulmonary circuit would, however, 
tend to increase, the pre.ssure in the right heart and therefore offer 
resistance to venous inflow. The A'enous ]>re.ssure reflecting the bal- 
ance of these forces could, therefore, reasonably be expected to be 
variable. 

DISCUSSION 

From the above mentioned findings, it is apparent that the effect of 
thoracotomy on the factors studied was negligible. The principal 
changes after expei-imental occlusion of the anterior descending branch 
of the left coronary artery in the closed chest experiments were similar 
to those in the open chest experiments. Tliey consisted of an immediate 
diminution in cardiac output and an increase in cyanide circulation time. 
The diminution in cardiac output, in our opinion, represents what Harri- 
soiF terms hypokinetic cii-culatory failure despite the inconsi.stent varia- 
tions in arterial and venous blood pre.ssure. The prolonged cyanide 
circulation time, in the absence of significant changes in ether circula- 
tion time and venous pressure, is evidence of congestion in the pulmo- 
nary veins. The relatively in.signifieant immediate changes in the ar- 
terial blood pressure suggest that, for at least a short period following 
coronary occlusion, a peripheral vasoconstriction in the dog com- 
pensates for the diminution in cardiac ’output. Experiments subse- 
quently to be described afford evidence to support this view. A limited 
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number of figures available suggest that twenty-four hours after the 
coronary ligation (possibly also after mmscle ligation) there occurs a 
fall in blood pressure. This point will be reported elsewhere on a 
more extensive series. 

The observations on cardiac output following experimental coronary 
occlusion suggest that we are dealing with a combination of left ven- 
tricular congestive failure and lij^pokinetic circulatoiy failure. "Whether 
the latter represents true “forward failure/' that is, whether it is 
entirely cardiogenic, is still open to question. The absence of blood 
volume changes rules out the possibility that the diminished output is 
hematogenic, i.e., caused by loss of blood or plasma in or about the 
injured myocardium, or that it is vasogenic, i.e., due to a similar loss 
because of a deleterious effect on peripheral capillaries in general. 
The neui’ogenie hj’pothesis still remains to be considered. The oc- 
currence of a consistent diminution in eai-diac output as well as the 
fact that this diminution occurred while the animal was under anes- 
thesia affords some evidence against this possibility." In order to rule 
it out completely, a similar series of studies was carried out in dogs 
with denervated hearts. This will form the subject of a subsequent 
I’eport. 

SUMMARY 

1. A method for ligating the anterior descending branch of the left 
coronary artery from the exten'or of the chest is described, 

2. The changes in circulation following tl)is procedure were: 

a. Hypokinetic circulatory failure (diminished cardiac output). 

b. Left ventricular congestive failure (increased cyanide circula- 
tion time). 

3. Because of the absence of any corresponding decrease in blood 
volume the diminished cardiac output could not be considered to be 
either hematogenic or vasogenic. 

4. Indirect evidence against the neui’ogenic hypothesis is also pre- 
sented. 
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THE DIAGNOSIS OF I]\IPENDING ACUTE CORONARA^ 

ARTERA^ OCCLUSION’^' 

John J. Sampson, AID., and ALvukice Eltaseh, Jh., AI.D. 

San Francisco, Calif. 

I T IS well recognized that acute coronary artery occlusion is often 
preceded for months or yeai-s by attacks of cliaracteristic angina 
pectoris. Even prior to the time that Ilerriclc,’^ Dock,- and others 
defined the syndrome of acute coronary artery occlusion, the diagnosis 
of angina pectoris carried with it the graAn possibility of sudden death 
e.specially as a sequel to “angina pectoris decubitus. 

In contrast to the occurrence of progressive angina pectoris, it has 
been apparent to us, on obseiwation of a sci'ies of cases extending over 
two and one-half years, that a single spontaneous attack of prolonged 
anginal pain strongly suggests the approach of a typical coronary 
thrombosis. Certain characteristics of these attacks of pain seemed 
to be so Avell defined that several individuals were put to bed either 
at home or in a ho.spital from one to fourteen days prior to the 
development of the typical symptoms and signs of the arterial block. 

LeAune'^ summarized those elements in the patients' history that com- 
monly seemed to jireecde the attack, e.specially emphasizing mild gen- 
eral discomfort and fatigue. Conner and HolF and Parkinson and 
Bedford" describe the occurrence of transitory pains in the chest of 
a nature different from previous anginal attacks. These pains occa- 
sionally precede the typical coronary artery occlusion. Herrick^ men- 
tions in one of liis ease histories a premonitory attack of pain of 
unusual nature arising three days prior to the occlusion. FeiF in a 
recent personal communication stated that he liad assembled a group 
of cases similar to those we are presenting Avhich indicated to him the 
importance of this premonitory symptom. 

An interesting clinical conpiarison may be draAvn betAveen the diag- 
nosis of impending coronary artery occlusion and imiiending occlusion 
of an intestinal artery, Dunxihy'^ defined the typical features of the 
latter condition and quoted a ease history of premonitory jAain occur- 
ring two months prior to death from the acute block of gradually 
thrombosing celiac axis and inferior mesenteric arteries. 

Benson.^ and others hav'^e described sclerotic coronary arteries Avhich, 
though narrowed to a minute anatomical patliAvay, still carry a stream 
of blood. Such small channels can carry eonceiAmbl.y only inadequate 
supplies. Because of Amrying dynamic factors, this reduced floAA’’ may 

Ar Mount Zion Hospital and the University of California Medical Service 

or the San Francisco Hospital, Department of Public Health. 
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be temporarily insufficient to maintain normal myocardial tunetion and 
may thus produce pain. It is the prevalent opinion that blockage 
occurs less frequently in arteries of good aperture than those that have 
been gradually narrowed to an extreme degree. Special impoi-tanec 
is placed on this process in encouraging the development of collateral 
coronary circulation by Beck," Wearn and his associates/" and Gross 
and Kugel.“ Therefore it is unnecessary to assume that pain of a 
more prolonged and possibh' different eharacter tlian earlier angina 
pectoris must be produced by an anatomically closed arterial lumen. 
It may be expected that a vessel narrow enough to produce this Avam- 
ing Avould shortly become completely thrombosed. With a rich col- 



pitr 1, Hr. S. (Ca.^e 25) First record, April 13, 1330, prior to coronary artw 

occlusion. Second record. Aup. 31. 1936, tAvo d.nys after 
Two Lead lA' .strips are illustrated in tJie .second recoril: tlie 
the anterior che.st electrode immediately to the left of 

inter^jpace, the second record, immediately medial to the cardiac apex impu s . 


lateral blood supply, acute symptoms and .signs of tlie blockage may 
neA'er dei’elop. This may account for the rare “silent coronar,y oc- 
clusion” seen at autopsy. 


CASE BEPOBTS 

To illiLstrate the type of eases summarized in Table I and AAdiieli Avill 
be discussed latei', the histories and findings of tAvo of the tAventy-niue 
cases revicAs'ed, are outlined : 

Case 25. — ^Mr. S., aged sixty-liA'e years, first developcci squeezing central sulistemal 
jjain radiating into the left arm on strenuous exertion, i.e., hill climhing, two years 
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prior to the present illness. This pain gradually increiiscd in severity,, duration, and 
case of onset over a period of four months until he would have a paroxyj^m radiating 
into his left upper arm on walking one block on level ground. 

Ills activity was then restricted to short walks, and he was tumbled bj p*dn on 
such ciTort only after a moderately large meal. This state remained fairly constant, 
and with rest ordered after meahs and small frequent feedings, he was maintained 
almost free of pain attacks. 

For two weeks prior to admission to the ho.spital he complained of sudden 
recurrence of mild attacks of pain of similar distribution, on the effort of walking 
30 to 50 feet in his home, Tlie.^^e lasted only a minute or less and were relieved 
by nitroglycerin, gr. Three days before admission, while at rest in bed at 

night, he suddenly devehiped a .similar init .severe att.ack that lasted forty-five minutes 



Fig, 2.— Mr. V. (Case 28). Flr.st record, .Sept. 8, 193G, twenty-four houis prior to 
the attack during tlio premonitory phase. Second record, Sept. 3-1, 3,93G, live day.s 
after onset of acute coronary artery occlusion. 

and was only partially relieved by two do.ses of nitroglycerin. ITc was kept at com- 
plete rest but the next day had four paroxysms of milder nature lasting from two 
to. five minutes, and the succeeding day liad absolutely no jiain. At 11:00 p.m. the 
night before admission be developed a violent crushing central substernal jiain that 
was not relieved by nitroglycerin and persisted for sixteen hours with varying in- 
tensity until relieved by subcutaneous iiiorpliine administration after admission into 
the hospital, Tlio subsequent course of this patient was characteristic of acute 
coronary artery occlusion. His blood pre.ssure, which had been 1G4/108 on the day 
prior to hospital admission, fell to , 94/90 on the day after admission. His leucocyte 
count two days after admission was 14,850. For four days after entry into the hos- 
pital, his temperature Avas elevated, Avitli a maximum of 38.2° 0. registered on the 
second day after admission. His electroeai'diogram.s taken one month prior to and 
ten days after admi.ssion are shown in Fig. 1. 
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Case 28. — Mr. V., aged fifty-one years, a tailor, had lieen observed, .seven yeaT.s 
prior to liis jiresent illnes.s, in a characteristic attack of acute coronary occlusion. Ilis 
recovery had been complete, rvitli the exception of lingering but tran.sient albuminuria. 

Forty-eiglit hours before entry to the hospital, he had a severe attack of precordial 
pain lasting between ten and fifteen minutes, occurring while at work (sedentary). 
The pain was squeezing in nature and was located across the anterior chest from 
the second to the fourth ribs, and it did not radiate. There was no pain during the 
remainder of that day or during the next, even on climbing stairs and walking fairly 
rapidly. 

On the morning of admission he awoke at 7:00 a.m. with a mild sense of pre- 
cordial distress which decreased after he had dres-sed himself, but did not entirely 
clear. When he had reached his tailor shop, the pain suddenly became violent, and 
he was sent to the hospital. Tlio pain lasted about forty-five minutes, but on 
arrival at the hospital it had cleared completely. Ho had no fever, leucocytosis or 
further pain for forty-eight hour.s following. Ilis erythrocyte sedimentation rate 
was three and one-half hours for IS mm. (technic of Linzenmeier) on the day of 
admission, and his electrocardiogram was not strikingly abnormal (Pig. 2). Forty- 
eight hours after admission, while at complete rest in bed, he developed severe pre- 
cordial pain of similar nature and distribution as before. The pain persisted for 
ten hours, requiring three doses of morphine sulphate, gr. Vj, administered sub- 
cutaneously, to control it. 

His course for the next week was marked by a febrile temperature range, a definite 
leucocytosis of 18,000, a gradual shortening of the sedimentation rate to 35 minutes 
for 18 mm. on the fifth day after the prolonged pain attack (llabinowitz and his 
coworkcrs,i 2 Woodis) and on the seventh day, definite changes of the Q--T, typo in 
the electrocardiogram (Parkinson and Bcdfordi^). 

OnSERVATtONS AND DISCU.SSION 

Table I .siinnnarize.s certain features of trvenly-nine ease.s presenting 
wliat we believe to be evidence of impending coronary artery occlusion. 
As will be seen from this table, these cases were distributed, with 
regard to age and the particular coronary arteiy branches involved, 
in about the same frequency as noted in the reported .summaries of 
other authors. The diagnosis of the location of the block in the coro- 
nary arterial s.vstem was made in four cases by autopsy, and otherwise 
presumptively from the electrocardiogram. 

Thirteen of the twenty-nine cases were observed in the Mount Zion 
Ho.spital during a period when, in this same hospital, fourteen other 
cases of acute coronary artery occlusion not pi-esenting i-ecognized 
premonitory jiain were diagnosed. The percentile incidence of the 
tliirteeii eases with premonitoi’y pain, in the total hospital series of 
twenty-seven cases of acute coronary occlusion, was 48.1 per cent; 
thus approximately half of all the eases had premonitoiy attacks of 
pain. 

In the twenty-nine cases reviewed in this paper (Table I), long- 
standing angina pectoris was scarcely more common than it was in 
the twenty-seven eases of coronary occlusion studied at the !Mount 
Zion Hospital. In the former series the percentile frequency of pro- 
longed anguial attacks was 44.8 per cent; in the latter series, 48.1 per 
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cent. These iiereeiitages vary little from those given in other statistics 
on lliis subject; Conner and Holt"^ found a 38 per cent incidence of 
angina pectoris in their series of cases of acute coronary artery oc- 
clusion. In the patients in our series (Table I) presenting a history of 
angina pectoris, the average duration was thirteen and one-half 
months, the longest being four years. 

The character of the iireinonitory attack of j)recordial pain observed 
in those patients who had had angina pectoris previously rarely dif- 
fered from their former pain either in its nature — i.e., squeezing, 
cru.shing, etc. — or in radiation. However, there were at least two 
cases presenting a definite change in the nature and radiation of the 
liain. The effect of nitroglycerin on the premonitory attack was defi- 
nitehv transient, witli failure of complete I'elief even on repeated doses 
although opjiortunity to observe this effect did not arise frequently. 

As summarized from column 8 of Table I, the dui’ation of the warn- 
ing attack A'aried from 2 minutes to 2 hours, averaging 63 minutes in 
individuals without a history of angina pectons ; and from 15 minutes 
to II hours, averaging 2 hours and 40 minutes in patients with that 
history. However, in the whole series of 29, there were only 7 patients 
who had pain of less than 20 minutes’ duration. Of these, three were 
individuals who had had progressively severe anginal attacks occur- 
ring after shorter interludes and with decreasing amount of effort, 
but who had not had pain when at rest. In this series no premonitory 
attacks occurred during sleep, and strenuous exertion occasionally 
preceded the pain. The attacks generally subsided suddenly and spon- 
taneously Avithout the use of opiates. 

Tavo patients (Cases 16 and 23), aged forty-five and fifty-one years, 
both males, had precordial pain AAdiich sometimes did and sometimes 
did not occur on effort. Onset of the pain occurred three Aveeks and 
five Aveeks, respecttyely, prior to the prolonged spontaneous attack that 
is indicated in the table as the characteristic premonitory symptom 
of occlusion of the artery. Such cases of inconstant pain, especially 
Avhen accompanied by normal electrocardiograms, present serious diag- 
nostic problems. Perhaps this clinical picture should be recognized as 
an equally important precursor to coronary thrombosis as single pro- 
longed spontaneous attacks of pain. The influence of absolute bed rest 
on prognosis Avill be mentioned later, but is interesting to consider in 
respect to these tAVO cases. Patient 16 Avas alloAved to attend to his 
ordinary business affairs, and Patient 23 was put to bed. HoAvever, 
eacliffied Avithin a f cay. hours after the development of the actual arterial 
occlusion. 

The interval between the premonitory attacks and the major attacks 
of patients in the entire series, varied between 1 day and 21 -days; and 
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wk. 20 min. Asymptomatic After occlusion: Left axis Gov.; DoaG (R. & 

invortoG T,; low Q,, ; slurred Ri. L. aut. lesion) 
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averaged 7.1 da.ys. During this period, of 16 patients who liad not 
had previous anginal pain, only 2 had recurrent minor attacks. Of 
the remaining 14 p;itients, 2 liad dyspnea, and the others were entirely 
asymptomatic. ]\rost of these individuals not only were free from pain 
and dysjmea, but felt so nearly normal that it was difficult to enforce 
bed rest upon them. They were afebrile and had no changes in blood 
pressure. Such an individual was Patient 21, a lifty-four-year-old 
male, who had an attack of severe precordial pain lasting half an 
hour during an evening, and then returned to his heavy physical labor 
of pushing wheelbarrow loads of sand in road repair work. For the 
succeeding two days he did his work without distress in any form. 



Pig. 3. — Mr. S. C. (Case l-l). Fir.st record Feb. 1.3. 1936, ten days prior to pre- 
monitory pain of acute coronary artery occlusion. Second record, Feb. 24, 1936, 
one and one-half days after the pzemonitory pain but prior to the actuixl acute coro- 
nai->' artery occlusion. Sec legend of Pig. 1 for explanation of Leads IV A and IV B. 

On the second night he experienced the pain and had the objective 
evidences of acute coronary occlusion, which proved fatal within forty- 
eight hours. 

Patients 16 and 23 have been discussed previously relative to re- 
current pain occurring prior to their fatal attacks. 

The electrocardiograms taken were chiefly notable in that they of- 
fered no demonstrable assistance in making a diagnosis of impending 
thrombosis. Eight patients had electrocardiographic records taken in 
the interval between the premonitory and the final attacks,- and of 
these, five had had previous records. In the tracings of these five 
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patients, no significant cliange was found after llie lieralding attack 
(Fig. 3), Of tile records of the remaining three eases, one was nor- 
mal; and one was not of diagnostic consequence because a coronary 
ai'tery occlusion had occurred tivo years previously. Palicnt 26 pre- 
sented the only instance of possible elcctrocardiograpliic changes prior 
to the occlusive attack. No jirevious record had been taken because 
this man was apparently well, and yet his electrocardiogram exhibited 
evidence of a left bundle-branch block (by recent terminology) when 
he was in the hospital during the premonitory period. The record 
changed very little during the two weeks after the occlusive attack 
but then gradually altered toward normal with less slurring of the 
QRS and isoelectric elevation of the inverted Tj. Such electrocardio- 
graphic alteration suggests that coronary artery changes had recently 
produced the original left bundle-branch block although, as stated, 
there is no positive evidence of the existence of this lesion ])rior to 
the origin of any cai’diac symptoms. 

As would he expected, the electrocardiograms of all patients having 
I’eeords taken after their occlusive attacks showed characteristic patho- 
logical changes. 

"Without taking into account histories of previous coronary occlusion, 
there was found to be a fataliti* of 34.5 per cent in the patients with 
the premonitory syndrome in our whole series of twenty-nine eases, 
as contrasted with a fatality of 50 per cent in the patients of the ISlount 
Zion Ho.spital series who did not present the preocelusive picture. 
These figures are considerably higher than those presented by Conner 
and Holt,^ who observed a mortality of 16.2 per cent in fij'st attacks, 
and Master, Jatfe and Dack,^*'’ in whose series a mortality of 14 per 
cent for all attacks was found. Our .small series includes all cases 
nuthout relation to the number of attacks and the mortality corre- 
.sponds moi-e nearly with that of Levine’s earlier group^*^ in which 
there was a mortality of 53 per cent. The difference in fatality in the 
two groups mentioned here may be partially accounted for by the 
difficulty in obtaining a histoiy of premonitory pain in those patients 
who were very ill when fii^st observed, and in whom therefore the 
fatality rate obviously would be veiy high. Further explanation of 
the relatively lower mortality of patients with the warning .sj'iidrome 
is that when more gradual occlusion occuns, there is better opportunity 
for an effective collateral circulation to be established. Most observers 
of this entity have commented on the particularly grave outlook for 
the patient when sevei-e shock suddenly develops early in the course 
of clinical ai-terial occlusion and on the more favorable pi-ognosis of 
those patients in whom .symptoms and signs develop more slowly. The 
preliminary stage described herein may well oeeui’, howevei-, only in 
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patients wlio under any circn instances Y-onld have a favorable outlookj 
either because small arterial branches are involved or for other reasons 
which are not known. 

Only seven patients were kept in bed after the premonitory attack, 
and the fatality rate of this ":ronp was 29 per cent (two eases). This 
fig:nre apiiroximates the general fatality rate of the entire group, 34.5 
per cent, and only .study of a larger series of cases will answer the 
question as to Avhether bed rest may increase the chances of survival 
in such cases, when promptly diagnosed. 

The diagno.sis of the premonitory syndrome is made difficult because 
certain patients seem to present some of the characteristics mentioned 
previously but fail to develo]i the tyiiical .signs of a coronary arteiy 
occlusion within a period of weeks afterward. In patients with pro- 
gressive angina pectoris, the attacks of pain may occur spontaneously 
and last for even an hour, with only transient relief from nitrite drug 
administi'ation. In the event that these patients do not develop defi- 
nitely the signs of coronary occlusion, one may predicate that either 
a silent small arterial block occurred or tliat the symptoms were really 
of no special significance. 

In those individuals who Iiave never liad anginal pain, a severe at- 
tack of'sucli ])aiu may occur spontaneously without serious sequel. 
We have recently observed six such patients who were placed at com- 
plete rest, and within one to three weeks their attacks subsided and 
failed to recur after gradual convalescence. 'Whether this type of case 
represents an impending oechision which was forestalled and in which 
collateral arterial supply was permitted to develop oi' wliether it repre- 
sents well-controlled ordinary angina pectoris is imjiossihlc to state. 

SUSniARY AND CONCLUSIONS 

Twenty-nine cases are presented exhibiting attacks of precordial pain 
of prolonged duration, which seem to reprG.sent a precni*sor phenomenon 
of characteristic acute coronary artery occlusion. 

The nature of these attacks is discussed in relation to duration, dis- 
tribution of pain, interval between the initial attack and the oechision, 
association with previous history of angina pectoris, and eventual 
mortality. 

The electrocardiograms in eight cases and the erythrocyte sedimen- 
tation rate in a single instance gave no indication of an actiA’e cardiac 
lesion or of the impending arterial oeclnsion. 

The possible diagnostic importance of the impending occlusion with 
particular regard to outcome when complete bed rest is enforced was 
considered, hut no conclusion was reached. 

Note.— Since this paper was -written, the work by Feil, mentioned previously as a 
personal communication, has been published (Preliminary Pain in Coronary Throm- 
bosis, Am. .T. M, Sc. 193; 42, 1937). 
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Tlie publication of this worlc calls for certain brief comments. Foil estimated 
that 50 per cent of all ca.ses of coronary thrombosis prc.sent preliminary pain without 
physical signs or other symptoms and this estimate is in close agreement with our 
figure. He states that the pain varied in duration from twelve hours to four weeks 
in the fifteen cases presented, but it is assumed that what is meant by duration was 
the interval between the fir.st preliminary pain and the final complete occlusion. 
He comments on the spontaneity of the pain and the failure of nitrites to influence 
it, which factors we also have noted, but he fails to state the unusually long duration 
of the majority of individual attacks. He .states that the electrothirdiogram during 
the premonitory period may be normal or unchanged from records taken before 
the current illness. However, the records of three out of the five patients so studied 
exhibited abnormal forms or changes chiefly in the height and contour of the T-waves. 
We found only one instance of alteration of the electrocardiogram which probably 
took jdace during the premonitory period. 

No comment is made by Fcil on the existence of a difTerence in this p.ain in 
character or distribution from that of earlier attacks of true angina pectoris as was 
infrequently observed by us. 
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THE WOlHv OF THE HYPEETHYROID HEA11T^= 


C. H. McDonald, D.Sc. 

Lfttle Rock, Ark. 

T he Diajority of workers seem in agreement that no structural 
ckaiiges are eliaraeterislic of the “tliyroicl heart'’ as a result of 
the hyperthyroidism itself. Such changes as histiocyte iiifiltratiou, 
pareiich>unatous and fatty degeneration, fibrosis, and fraying of 
bundles which are commonly found in the heart of the In'perthyroid 
subject either accompany or follow other conditions also present 
which are damaging to the vascidar system. AYhatever increase in 
size occurs appears to be due to dilatation rather than to true hyper- 
trophy. 

YThile it appears to be generally admitted that whatever changes 
take place in the heart as the result of hyperthyroidism are functional, 
no clear-cut picture of these functional changes has yet been pre- 
sented. A tachycardia is produced and, unlike that due to most 
agencies, is maiiitained long- after isolation of the heart. It continues 
after removal of the sino-auricular noded after crushing of the bundle 
of Hisd and after complete denervation of the hearty it appears in 
tissue cultures of embryonic chick hearts before any nervous ele- 
ments are present, if the culture is subjected to the action of thy- 
roxine.^ Evidently the action of thyroid substance or of thyroxine 
is directly on cardiac musculature rather than upon nervous structures. 

Evidence relative to the utilization of oxygen by the hyperthyroid 
heart is conflicting. Dock and Lewis, using a heart-lung technique, 
conclude that the increased oxygen consumption of the hyperthyroid 
heart may be accounted for purely upon the basis of increased mass. 
McEachern,-"’ by direct volumetric measurements upon the isolated 
hearts of thyroxinized guinea pigs, under conditions in vdiich no ap- 
preciable work was done, found that such auricles utilized more 
oxygen than did the auneles of normal guinea pigs. McDonald'^ 
found that the hearts of terrapins heavily dosed with thju'oid extract 
consumed more oxygen per gram of tissue than did the hearts of iion- 
treated terrapins. These hearts appeared to pump a greater volume 
and to do more work than did the normal hearts, but no measure- 
ments were attempted to discover whether the hyperthyroid hearts 
really did more work. Clark and AVhite'^ state that, provided no work 
is done, the rate of beat does not significantly influence the oxygen 
consumption of the auricles of cold-blooded animals. 

*Prom the Department of Physiolojjj’- and Pharmacology, The Universitv of 
Arkansas School of Medicine, Little Rock. 

Pwesearch Paper No. 510, Journal Series, University of Arkansas. 
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Wliile increased Lvork is generally admitted for tlie liypertljyroid 
heart, apparently little -work has been done in demonstrating the 
actuality of such increase; no report of an attempt to analyze such 
inci'eased work or to correlate it with oxygen consumption has been 
found. The study recorded below was planned in an effort to find 
whether inci'eased oxygen consumption by the thyroid heart was rep- 
resented in increased work. Because of the low glycogen content 
described for hyperthyroid hearl.s*’ and the somewhat uncertain .state 
of our knowledge concerning the source of energy for the heart in 
pathological states,*' I wished to observe the behavior of the hyper- 
thyroid heart when subjected to a sudden strain such as is imposed 
upon it through treatment with epinephrine. 

The method selected permitted me to measure rate of beat, amplitude, 
and volume output from which data I computed the work done by the 
heart under the various conditions imposed; it permitted me to meas- 
ure the oxygen consumption and to correlate this function with the 
work done so far as correlation exists. The terrapin was the experi- 
mental animal used. Since animals in a previous study had .shown 
evidence of extreme hypei'thyroidi.sm (grave muscular weakness, 
diarrhea, and emaciation) the treatment "with thyroid .sub.stanee was 
lessened in an efi’ort to secui'e a degi-ee of hyperthyi’oidism com- 
parable to that commonly encountered clinically. 

METHOnS AND APPARATUS 

Desiccated thyroid substance in .su.«pen.oion wa.s admini.«tercd by niean.s of a 
stomach tube in dosage of O.u rng. per gram of body weight every eight day.s for a 
period of four weehs. Tlie penmntage of deaths among the.«e animals did not differ 
from that of the control group. A definite tachycardia was noted in every case 
when the terrapins were opened. 

The apparatus employed, similar to that prenously deHcribed,R measured the 
oxygen required to resaturatc at atmo.spheric pressure a previously saturated 
fluid after its passage through the isolated heart. Briefly, it consisted of : (a) A 

perfusion reservoir, a 150 c.c. Marriott flask which communicated by means of pure 
gum tubing and a glass “T” tube %s'itli a cannula inserted into the right precaval 
vein of the isolated heart (all other veins being ligated). The riglit-angle arm of 
this “T” tube was open and directed upward as a trap for .any air bubbles that 
might enter the circulating .system; (b) an oxygen chamber, a 50 c.c. Exax buret, 
cut off at 0.0 calibration and inverted into a 2.5 by 20 cm. sidearm test tube. The 
perfusion medium was pumped by the heart through a cannula inserted into the 
brachiocephalic artery (all other divisions of the aorta being ligated) through an 
“S’* trap with a liquid seal into the oxygen chamber where it trickled through an 
atmosphere of pure oxygen down a thermometer suspended in the chamber; (c) an 
overflow reservoir identical with (a) from which the solution was pumped back to 
the perfusion reservoir by means of a 100 c.c. Luer type syringe and a 3-way glass 
stopcock. Each reservoir and the sidearm test tube were open to atmo.sxiheric pres- 
sure; (d) a light heart lever arranged to write upon a kymograph drum. This 
lever was weighted with 5 grams and attached by a thread and fine wire hook to the 
heart suspended by the two cannulas between the perfusion reservoir and the oxygen 
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clianibcr. In. all records a downward excursion occurs during systole. During an 
experimental period the surface of the heart, was kept constantly moistened by spray- 
ing or dropping Dinger’s solution upon it. 

The circulating medium in all experiments consisted of: 


rKU CENT 


Sodium chloride 0.650 

Potassium chloride 0.014 

Calcium chloride 0.012 

Sodium bicarbonate 0.020 

Sodium dihydrogen phosphate 0.001 


TJiis tluid was oxygenated by Inibbling oxygen through if freely for a period of 
one hour. Because of marked clianges which often occur in the response of the 
hyperthyroid terrapin heart some twenty to thirty minutes after administration of 
the drug, observations were made for a preliminary fifteen minutes to establish 
a normal for the particular iiearl, after which e])inephrine-HCl was added to the 
perfusing fluid to the eoncentration of 1:500,000 and a second fifteen-minute ob- 
servation made. 

Oxygon consumption was read from the buret and reduced to standard condi- 
tions for temperature and barometric pressure; the volume pumped by the heart 
during each fifteen-minute period was measured with the calibrated syringe used to 
return the fluid to the perfusion re.scrvoir; rate, amplitude, and \'ariation.s in tone 
were obtained from the gra])hie records. On the expiration of an experimental period 
the heart was incised in all its chambers, blotted dry, and weighed. From the data 
secured was eomputod; the o.xygen consumed per minute per gi-am of tissue; the 
work done in gm.-cm. per minute per gram of tissue; and, following the ad- 
ministration of epinephrine, the percentage increase in rate, amplitude, work 
done, and oxygen consumption. These data are set forth in averages in Tables I 
and II. 

Tabek I 


A COMPAKISON OK THE BEUAVIOK OF THE NORMAL AND THE HypERTHYROID HeART 
With Eespect to Date, Amplitude, Work Done, and Oxygen 

CON.SUMPTION EXPRE-SSED IN AVERAGES 





AVORK DONE 

OXYGEN CONSUMP- 

TYPE 

RATE PER 

AMPLITUDE 

PER GRAAI 

TION PER GRAM 

MIN. 

CAI. 

TISSUE 

GM./CM./JIIN. 

TISSUE 

C.C./MIN. 

Normal 

:ii.i 

2.2 

140 

0.026 

Hyperthyroid 

3S.0 

2.4 

196 

0.039 


Table II 


A Comparison of the Desponse to Epinephrine of Nok.mal and Hyperthyroid 
Hearts With Eesi'ect to Date, Amplitude, Work Done, and Oxygen 
Consumption Expressed as Averages 


TYPE 

INITIAIi i 

1 AFTER EPIN. i 

INITIAL 

1 AFTER EPIN. 


Hate per mimite 

Amplitude in cm. 

Normal 


42.8 

2.2 

2.65 

Hj-perthyroid 


49.8 

2.4 { 

3.10 


Worlc done per gram tissue 

Oxygen consumption per gram 


gm./cm./min. j 

tissue, cm./min. 

Normal 

140 

233.4 

0.026 

! 0.033 

. HyperthjToid 

196 

293.4 

0.039 

0.051 


The volume pumped by each heart was noted but such wide variations appeared 
under comparable conditions tliat averages Avere rather meaningless. These variations 
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were due appurcntly to difTercnccs in auviculur filling. In most hypertliyroid licartB 
e.icction ivas quick and forcible; rclnxalion in many caBCB was prompt and auricular 
filling good. As a result of these facts increased rate was attended by a greater 
minute volume. In many cases, however, regardless of the nature of contraction, re- 
laxation was much .slower and the increased rate prevented good auricular filling 
between beats. In such cases the minute volume often fell markedly. We estab- 
lished our perfu.sion time at fifteen minutc.s becau.se a majority of our lijqierthyroid 
hearts showed a greatly decreased amplitude of boat some twenty to twenty-five 
minutes after treatment with epinephrine; unlike the normal hearts they do not 
respond to an increase in the concentration of epinephrine. 

DISCUSSION 

From this .study the following salient facts seem to me worthy of 
consideration : 

1. There is increased work per gram of tissue per minute done bj' 
the h 3 ^perthyroid heart. A definite taciij’cardia and a definite in- 
crease in amplitude combine to aeeomplisli more work. 

2. There is a greater consumption of ox.vgen per gram of tis.sue b.v 
the hj'perthyroid hearf: as eompai-ed with the nortnal heart. A fair 
parallelism exists between the work done and the o.\\vgen consumed 
bj' the two hearts. Whatever relationships maj' be shown finallj* to 
exist between ox.vgen consumption and work done hj" cardiac tissue, 
hearts exhibitiUg the degree of hj'perth.vroidism described for these 
animals .sneceed, under the conditions of excision and perfusion with 
Ringer’s solution, in working elo.se to the dynamic enei-g.y level of 
normal hearts under the same conditions. This work does not indicate 
the reason for the slightlj* greater ox,vgen consumption b.v the hyper- 
thjwoid hearts. Starling and VisscheF'^ have .shown that oxj’gen con- 
sumption bj' normal hearts is dii-eeth' i^roportional to dia.stolie volume. 
Whether the h.yperth 3 Toid hearts used in this stud.y underwent greater 
dilatation than did the normal heai’ts, or whether they^ possessed greater 
resting metabolism, or whether some unknown defect of contraction 
and reeoveiy therefrom accounts for the slighth' greater oxj'gen con- 
sumption are matters for further studjE 

3. Following the administration of epinephrine the normal and the 
hjTperthy-roid hearts show an avei-age increase in rate of the same 
number of beats. The rhj'thmic apparatus of the heart is apparently 
uninjured through the action of the thja'oid substance. 

4. Both tjT3es of hearts show an increase iu amplitude of contraction 
as a response to epinephrine. The increase sho^vn by the hy^perthyroid 
hearts is notably greater than that showm bj^ the normal heai-ts. Fur- 
thermore, the increase in amplitude is achieved in a ditferent manner 
bj’- the two hearts. Normal hearts show greater systolic shortening 
and less diastolic relaxation. The lessened diastolic relaxation is in the 
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nature of increased tonus. The liyperthyroid hearts, liowever, show 
greater diastolic relaxation as well as greater systolic shortening as 
is demonstrated in Pig. 1. Approximately the same increase in work 
measured in gram ])er centimeter per minute per gram of tissue is 
accomplished by the normal and the hyjmrthyroid hearts in response 
to epinephrine. 

0 . The hyperthyroid hearts are able to maintain the additional work 
induced by epinepln’ine for a )nueh shorter time than are the normal 
hearts. In from twenty to twenty-five minutes there is generally a 
marked falling otf in amplitude without much, if any, change in rate. 
Further treatment with ejiinephrine does not call out renewed activity 
in these hearts as it does in tlic normal hearts. 

.6. Tlie fair parallelism which existed between oxygen consumption 
and work done when we compare the hyperthyroid and the normal 
hearts under the conditions of excision and perfusion with a Kinger's 



Fit;. 1. — Showinfi: the incrca.«cd cli.a.stollc rol.axation in the hyporthyroicl heart 
foRowing- the admini.stration of epincplirinc. TJic up.stroJce occurs during: diastole and 
the downstroke during .systole. 


solution disappears following the administration of epinephrine. The 
hyperthyroid heart uses much more oxygen and accomplishes, only 
for a little while, essentially the same additional work after which its 
work falls off rapidly. This observation is in harmony with that of 
Starling and VisseheP® to the effect that the heart pushed to the level 
of its reserve utilized far more oxygen than when working at its nor- 
mal level. Furthermore, the oxygen consumption which is unrepre- 
sented in work done under the conditions of our experiment is directly 
proportional to the degree of the hyperthyroidism present. 

SUMSIARY 

In brief, may I say, this analysis of the work of the hyperthyroid 
heart indicates, I believe, that exhaustion of the cardiac reserve is the 
functional damage done to such hearts by hyperthyroidism and that the 
dilatation, far from being compensatory, is distinctly nonphysiological. 
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THE DYNAMIC EFFECT OF ACUTE EXPERIMENTAL 
POISONING OP THE HEART WITH DIPHTHERIA TOXIN^’ 


D. B. Witt, M.D., E. Lindner, and L. N. Katz, M.D.f 

Chicago, Ile. 

A n assay of the evidence in the literature leaves one in doubt as 
to the media iiisin of action of diphtheria toxin on the circulation. 
There is evidence of peripheral circulatory failure, and there is evi- 
dence of cardiac failure, but which is primary is still a matter of con- 
troversy. The mere demonstration of a decreased blood volume (Hard- 
ing^) and a drop of arterial blood pre.ssure (Roily,- Romberg and his 
coworkers'*) does not preclude a cardiac origin for the diphtheritic 
circulatory collapse, since it is well known that even acute coronary 
occlusion often leads to secondary circulatory failure. On the other 
hand, the demonstration of conduction disturbances (Steelier,^ Marvin,’’ 
McCulloch,''’ Smith"), arrhythmias (Smith," Shookhoff and Taran®), 
abnormalities in the contour of the electrocardiogram (Nathanson,® 
Marvin/’ McCulloclF) , and even the presence, post mortem, of degenera- 
tive changes in the muscle and intei*stitial exudations (Karsner,^® 
WarthiiP^) does not necessarily mean primary cardiac failure. It is 
possible that such changes might follow peripheral circulatory failure, 
although this is not likely. This Avhole matter is of importance in 
dealing with the management of diphtheria poisoning because, in ad- 
dition to specific therapy and the treatment of particular disturbances, 
the question comes up whether or not to institute supportive treat- 
ment for the heart. While the general practice recently has been in 
this direction, we felt that it might be worth while to investigate the 
actual dynamic changes following diphtheria poisoning. 

The methods available made it necessary to use acute experiments. 
While, clinically, diphthena is usuMIy a protracted affair, fulminating 
acute poisoning does occur, and sudden death is not uncommon. We 
felt that our study would not only determine vdiether or not cardiac 
failure does occur, but would help to decide what relation the loss of 
cardiac power had to the conduction and rhythm disturbances with 
which the clinical studies have been primarily concerned. Such an 
analysis might help to decide, for example, whether or not heart 
failure, whatever its cause, alwaj^s goes hand in hand with the electro- 
cardiographic changes. 

•Prom the Cardiovascular Department, Michael Reese Hospital, Chicago, HI. 

Presented at a meeting of The American Heart Association held in Kansas Citv 
Mo., on May 12, 1936. 

tAided by the A, D. Nast Fund for Cardiac Research. 
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AtETHOD 

Tlie study was based upon infusinp n liiRlily concciilratod dipliUiorin toxin*’ (kindly 
supplied by Eli Lilly & Co. tlirougli fbo courtesy of J)r. K. ]v. Chon) intravenously 
over an average period of thirty-one iriinules (range twenty-live to ninety rnirmtes) 
into eighteen dogs anesthetized with morphine and sodium barbital. 

The following variables were detorniined simultaneously in different combinations: 

1. Heart rate (from various types of records), 

2. Alean arterial xjrcssure (from smoked drum records). 

3. A^cnous pressure in the superior vena cava (with saline manometer). 

4. Diastolic volunic and stroke volume of the ventricles (from calibrated smoked 
drum records). 

5. Systolic, diastolic and pulse jircssures (and the contour of the X'ressure curves) 
in the right and left ventricles and in the aorta and pulmonary artery (with 
calibrated AViggers’ manometers). These records were recorded in pairs of 
various combinations. 



Fig-. 1. — Serie.s of curves to sliow ttio effect of diphtheria to.xin on the aortic and 
left ventricular prcs.surc curve.s and electrocardiogram. Time at top : each double 
vibration equal to 1/SO .sec. A i.s aortic prcs.sure cui-ve ; LY Is left ventricular pre.s- 
sure cur\-e. AB and Z/FJ7 are base lines for the above. ECG’ Is the three-lead limb 
electrocardiogram (time in 0.04 and 0.2 sec.). Segment A I.s control. IS, taken during 
Infusion of 50 c.c. of toxin. C, .shortly after infusion. D, S rnlnute.s after IS, during 
third injection of 50 c.c. of toxin. E, G minutes after J), 5 minutes after another .50 
c.c. of toxin. F is ventricular fibrillation occurring soon after E. Discussion In text. 


C. Cliange.s in rhythm, in conduction in the licart, and in the contour of the 
standard limb lead electrocardiograms. 

7. Changes in heart muscle tone from the ratio mf diastolic size of the ventricles 
to their diastolic pressures (according to the princixde recently outlined by 
Johnson and IvatzJS). 

8. Asynchronism in the xduise relations of the two ventricles (from their simul- 
taneous optical pressure curves). 

9. Alinute volume of flow, calculated as the product of one-half the stroke volume 
and the heart rate. 

10. The nature of the terminal fibrillation of the ventricles by means of high 
speed cinematography of the exposed. heart which when projected gave slow 
motion. (In this, we were assisted by Mr. E. Rigraan of tlii.s department.) 


= 0.05.5 to 0.07 and an equivalent Al.IiD. = 14200 to i/j 400 - 
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DISCUSSION OF RESULTS 

These changes were determined, tabulated, summarized, and then 
correlated. The chief findings are given briefly belo^y. Typical records 
are shoAvn in Figs. 1 and 2, and several consecutive frames of one 
cinematograph, in Fig. 3. The electrocardiographic findings are cor- 
related in Table 1. 

The heart rate .sloAved in all cxjicrimcnts. Tliis urns due to a .sinus 
bradycardia, usually with a sinus arrhythmia (Fig. 2, segment E), 



Fjg:. 2. — .Series of curves to show tlie effect of diphtheria toxin on the left and right 
ventricular pressure curv’es. RV Ls right ventricular pressure curv’e and RVB its base 
line. Other conventions as in Fig. 1. Segment A is control. B, taken shortly after 
start of continuous Injection of 50 c.c. of toxin. C, 5 minutes after B, during injection 
of second dose of toxin (50 c.c.). D, 4 minutes after C, during infusion of fifth 50 
c.c. of toxin. Ey G minutes after D and 1 minute after giving of ninth dose of 50 c.c. 
of toxin. E, 5 minutes after E, during injection of tenth 50 c.c. of toxin. (?, 7 minutes 
after E, 5 minutes after eleventli 50 c.c. of toxin. H is terminal fibrillation occurring 
soon after G. Discussion in text. 


oi' to an A-V block, either incomplete (Fig. 1, segment E) or complete. 
Apparently, the toxin acted both on the sinus node and on the A-V 
conducting system. In some instances the sinus sloAviug was extreme, 
and even the idioventricular rhythm was slotver than usual. Our 
experiments do not reveal to what extent these changes might have 
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Tabi.k I 


CORBELATIOK OE EBECTROCAnDIOGRAPIirc DimATlO.VS FOIJ,OWIXG iRl’IITnERIA TOXIX 

Injection 
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•Toward end, T became po.sitlve aRaln, 
N, none. 

P, produced a change. 


been due to a vagus action, but tliere is no doubt tJiat tbey were due 
to a large extent to a direct action on the cardiac conducting sy.steni, 
since intraventricular block occurred with a tremendous slowing of 
the invasion of the ventricles, at times tlie entire QRST complex be- 
coming a smooth diphasic curve (Fig. 2, segment G). In five out of 
eighteen experiments, a preliminaiy acceleration was observed. 

Pi’emature .systoles of various ox'igins were frequently present, and 
it was not unu.sual to find them arising from multiple foci in a single 
experiment. Paroxysmal tachycardia, more often ventricular than 
auricular, also occurred, and “asystole’' eventually resulted from 
standstill of the heart or, more frequently, from ventricular fibi-illa- 
tion. In most instances, this fibrillation was peculiar and different 
from the tumultuous fragmentary contractions seen in the ordinary 
type of fibrillation. As Pig. 3 .shows, the heart was quiescent for the 
most part with ripples sweeping slowly over the ventricles. Probably 
this pecidiar type of impulse-spx-ead results from the markedly de- 
pressed conduction rate existing at this time. We have seen similar 
fibrillation on occasion following potassium or digitalis poisoning. 

Usually before the conduction disturbances appeared, the contour 
of all the waves of the electrocardiogram changed (Pigs. 1 and 2). 
Our results support the viewpoint expressed by Nathanson” that changes 
in electrocardiographic contour, when present, are an early sign of 
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diplitlieritic iiiyocarclial poisoning-. In fonr instances, liowever, termi- 
nal fibrillation of the ventricles occurred without any preceding altera- 
tions in the eleetroeardiograin. 

The arterial blood pressure fell in both the systemic and pulmonary 
vessels, but this fall could not be related in time to any of the fore- 
going changes. At times a temporary ju’climinary rise in these pres- 
sures was scon, but was always a.ssociatecl with an increased minute 
volume output of the heart. It is impossible to determine from this 
study what the causal relationship is. The fall in pressure was due to 
vasodilatation since it occurred in three instances in spite of the 






^ 7 8 ? 10 


Fig. 3 . — Ten succe.'s.sive fiamc.s from a cinematograph taken during typical terminal 
ventricular llbrlllation ■vvliich follow.s diphtlieria poi.soning. The wlilte aiTow.s indicate 
the rise and spread of one of tlie peculiar waves di.scus.sed in tlic text. Bacli frame 
represents 1/10 .sec. 

plethora and increased minute volume flow, and on four occasions 
preceded the decrease in minute volume output. In three other ex- 
periments the drop in pressure was contributed to by the decreased 
output of the heart. It follows that these vascular effects must be due 
ill paid at least to the direct action of the toxin. 

The minute volume discharge of the heart increased at first, pri- 
marily as a result of the infusion, but later it declined despite the 
continued infusion. This may have been due, at times, partly to the 
poorer coronary blood flow which the drop in blood pressure could 
cause, but probably also to the depressing action of the toxin on the 
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contractile power of the heart. Tliis is borne out by the fact that in 
three ex])eriments, failure type of pre.ssui’e curve.s were obtained witli 
blood pressures at control levels and definitely above shock level. This 
occurred without any heart rate or clcctrocardiogiapdiic changes. 

The stroke volume of the ventricles increased at tir.st because of the 
infusion and later because of the slowing in heart rate; eventually the 
decrease in the contractile poAver of the heart overcame both Ihe other 
factors so that the stroke volume declined. It is interesting to note 
that this decline in stroke A-oliime occurred when the heart was dis- 
tended and the initial pressure (the pressure existing before .systole 
began) in its tAVO ventricular chambers Avas still high — indicaling real 
instances of OA’erdistention, that is, distention that Avas detrimental 
to the heart and not beneficial as is true of the range in Avhich Star- 
ling’s InAA”- operates. This dilatation of the heart Avas not due to a 
plethora effect of the infusion since the quantifies of fluid injected 
Avere too small, in four expei-iments being as little as 10 to 40 c.c. 
Distention Avas the direct i-esull of the loss of poAver of tlie heart, pei*- 
mittiug the accumulation of a sy.stolie remainder in succe.ssiA'c beats. 

The pulse pressure in the aorta and pulmonaiy ai-feiy folloAved the 
changes in stroke volume except .so far (a) as the dynamic elTeets Acere 
different in detail in the tAvo Axmtricles in particular experiments and 
(b) as modified by changes in the dfstensibility of the arterial trees 
from time to time in the coAirse of the experiment. The contour of 
these curA'es (Pig. 1) shoAA'ed CAddence, in the early slage.s, of the type 
of curves, seen in a hyperdynamic heart AA'orking against high re- 
sistance and^’in the later stage, the smooth curves of the hypodynamic 
heart A\mrking against Ioav resistance (Pig. 1, segment D and e.specially 
E). The evidence from these ciuwes, therefore, jibes Asdth the A'olume 
curve analysis. Pin-ther cA'idence for this vicAv is found in the fact 
that despite the infusion, the distention of the heart, and the sloAving, 
the duration of the ejection podod of the ventricles, as Avell as their 
systoles, shortened in three out of .six experiments measured. This is 
seen Avhen the poAver of the heart is failing, as one of us has shoAvn 
prcAdously.^^' 

Similar changes in amplitude, contour, and span of the pressure 
curve Avere seen in the A'^entricular pre.ssure recordings (Pig. 2). Here 
it can be seen that the infusion (Avith its resulting distention of the 
heart) and the sloAving (Avith the greater resulting filling time) at first 
lend to make the ventricles more poAverful parallel AAUth the elcAmtion 
in the diastolic pressure levels (segments A, B and D). Later, Iioaa’^- 
ever, despite these influences, the curves became smaller in height, 
shorter in duration, and smooth. This failure type of eux’ve Avas 
associated in Pig. 2, and in the other experiment having recoi'ds of 
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both ventricles, ^yitll a drop in the diastolic levels. (In Pig. 2 compare 
segment D with E, P, and G and segment A vnth 0.) This occurred 
in both chambers while the ventricles continued to increase in volume 
as apparent to the eye. This can only mean a loss of tone. Decreases 
in diastolic pi’cssure occurred in a single Amntricle in other experiments 
but no record was obtained of both ventricles except in the above two 
exiieriments. These observations are in accord with those of Johnson 
and Katz^- that loss of tone occurs in the heart whose power is failing. 
It is further evidence of loss of power and is partly responsible for 
establishing the vicious cycle of overdistention. 

The late drop in diastolic pressure within the right ventricle maj' 
account for the secondary decline in venous pressure seen toward the 
end of three of these experiments, although the venous pressure drop 
may also be due to a decrease in the return of blood to the heart 
because of stasis in the jieriphery. 

Examination of our curves showed that evenls in tlie Iaco sides of 
the heart were not always in phase; at times they went in opposite 
directions (segraenis A. and B of Fig. 2). This phenomenon we have 
previously discussed (Brains and KatzJ*' and Johnson and Kat/J-) ; 
it indicates the independence between the right and loft hearts. AYe 
have found again, as previously stated (KatrJ‘‘), that the start of 
systole and ejection is not synchronous in the two ventricles. Further, 
we noted that in one experiment the changes in this asynchrony of 
S3'.stole were decidedly smaller than the change found in intraventricu- 
lar conduction time. This observation dealing with asynchrony is 
opposed to the view that intraventricular block is confined to one or 
the other ventricle and favors the contrary view that the block is often 
equally severe in both ventricles. 

There is no doubt that the peripheral actions of the diphtheria toxin 
contributed to the failure of the heart in these experiments just as 
failure of the heart contiibuted to the peripheral vasodilatation and 
stasis. Nor is there any doubt that the action of the diphtheria toxin 
on conduction contributed to the heart failure. Nevertheless, we found 
evidence that the action of the toxin on the power of the heart often 
preceded the other cardiac actions and the peripheral effects. This is 
well shown by the curves in Fig. 2 (segments B, C, B, E and F). 

- It is of practical clinical importance to realize that diphtheria toxin 
acts directly on the contractile power of the heart and its tone since 
serious damage to the heart may be present without significant modi- 
fication of the electrocardiogram or of blood pressure. Histological, 
examination of these hearts failed to reveal any changes other than 
cloudy swelling. (We are indebted to Dr. 0. Saphir of the Department 
of Pathology for this interpretation.) 
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SUMMARY 

The acute efl'eet upon the cardiac dynamics ol; injecliii'r diiiiitheria 
toxin was studied in dofrs. The study was based on records of mean 
arterial and venous blood pressures and records of Ihe volume and 
pressure changes of the heart. Electrocardiograms were obtained also. 
The pre.ssure curves of the A'arious heart eliambers (i.e., the two ven- 
tricles, the pulmonary arlery, and the aorta) wci’c recorded with 
Wiggei-s’ manometers on a jihotokymograph. The volume and mean 
pressure curves were obtained on a smoked drum. 

It was found that the diphtheria toxin produced a sinus slowing of 
the heart and, latei-, various types of A-V and intraventricular block. 
Extras.y.sloles of various types and jiaroxysmal tachycardia also were 
present, and eventually Ihe hearl went into a [leculiar lyiie of ven- 
tricular fibrillation which we have desciabed. A vasodilatation in both 
the systemic and pulmonary circuits also resulted. Heart failure was 
caused by these disturbances in conduction and rhytlim, and by the 
decreased coronary blood supply following .systemic vasodilatation. 
There was definite evidence, however, that diphtheria toxin poisoned 
the heart in such a way that myocardial failure with its typical ab- 
breviated and less powerful contraction occuri’ed sometimes before 
these other changes came into operation. There was evidence also of 
a lo.ss of tone in the ventricles toward the end. It is of practical 
importance to realize that diphtheria toxin acts directly on the con- 
tractile power and tone of the heart since serious damage to the heart 
may be present or develop quickly before significant modification of 
the electrocardiogram or of blood pre.ssure is pi-esent. 
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MIDAXILLARY LEADS OF THE ELECTROCARDIOGRAM 
IN iMYOCARDIAL INPARCTION'M 

I\Territt B. AYniTTEX, ]\LD. 

DATJiAs. Texas 

T he inidaxillary or lateral thoracic leads of the electrocardiogram, 
in some cases, appear to show earlier and l;o a more jnarked degree 
than the limb leads, the electrocardiographic changes characteristic of 
infarction in the part of the left ventricle supplied by the left coronary 
artery, and there is a snggestion that these changes may sometimes 
last longer than they do in the limb leads. On this account this work 
is presented, the writer hoping that others with greater facilities at 
their command may be able to report further clinical, and esiieeiall}- 
further post-mortem, data on this subject. 

A proper understanding of this subject necessitates a review of the 
development of our present knowledge of the electrocardiographic 
localization of myocardial infarction, for it is on the previous work 
on this subject that the greater part of the present study is based. 

Barnes and the writer- showed that changes in the RS-T segment 
and T-wave iji the limb leads of the eleetrocai’diogram often give indi- 
cation of the part of the heart involved in myocardial infarction. We 
showed that, for the most ]iart, infarction is generally confined to the 
left ventricle. Our work indicated that infai’ction of the part of the 
left ventricle n.sually supplied by the left coronary artery (that is, the 
anterior portion of the left ventricle and the anterioi* part of inter- 
ventricular septum which are generall.v supplied by the anterior de- 
scending branch of the left coronary artery and sometimes the left, 
or obtuse, margin and -left part of the posterior basal portion of the 
left ventricle where supplied usually by the cii’cumflex bi'anch of the 
left coronary artery) generally caused the so-called Ti changes to 
occur in the electrocardiogram. In this paper, in order to avoid repe- 
tition, this type of infarction will be called a Ti type of infarct. We 
found these Ti changes in the electrocardiogram to consist of an early 
elevation (elevation not always seen) of the RS;T segment in Lead I 
alone or Leads I and II combined. This was followed by an inversion 
of the T and often by a depression of the RB-T below the isoelectric 
line in Lead I alone or Leads I and II combined. We also observed 
that similar changes in the RS-T and T, except that the.y occurred in 
Leads II and HI, the so-called T.t type of electrocardiogram, generally 
were associated with infarction in the posterior part of the interven- 

"From the Department of Medicine, Baylor University. 

... tA preliminarj’- report of this 'work was presented at the annual meetintr of the 
•toxas State Heart Association, Houston, Texas, May 25, 1936. 
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tricAilar septum and tiio adiaeeiil porlioii of llie posterior basal pari 
of the left veulrit'le wliich usuall.y is supplied by the rjpdit coronary 
artery. In this paper, foi- the sake of brevity, infaiadion in this loca- 
tion will be called a T;i infui’ct. 

Our work oji localization of inj'oeardial infarction has been confirmed 
by numerous writers. In addition, it has been added to as a i-esult of 
the work on the Q-wave by Pardee," Feniehel and Ivtifrel!,*' and Wilson 
and his associates,’- so tliat now it is generally accepted that a large 
Qi may be a part of the j)ietuj’c of the 'J’l type of infarction and a large 
Q3 maj^ be associated with the Tn type, with certain other requirements. 

It was soon I'ceognized that infarction produced b^' a left coronary 
artery lesion was not as readily shown b.v the electrocardiogram as 
that usually resulting from a right coronary artery lesion. The Ti 
changes made tlioir appearance later and sometimes were not observed 
at all. Wolferth and Wood’^- ” called attention to this and introduced 
the anteroposterior thoracic lead.s, which they called Leads IV and V. 
With the use of those new leads they were able earlier to recognize 
infarction produced in the part of Ujc heart generally supplied by the 
left coronary arteiy, and at times they could demonstrate it when it 
did not register at all in the limb leads. They considered the early 
findings of this lesion to be a depression of the IIS-T.1 and a deep 
inversion of T4. Later Q.i usually disap))earod, T.i became upright and 
RS-T4 might become .slightly elevated. Changes in Lead Y were re- 
ported as similar to those in Lead IV. The T.-t t>'pe of infarct (u.sually 
from a right coronary arlery lesion) did not appear to be as well 
shown in the anteroposterior leads as in the standard limb leads. 

Why does not the electrocardiogram I’cgister a Ti type of infarct 
(left coronary artery lesion) as well as a Ta type (right coronary 
artei-y lesion in most hoards) in tlie standard limb leads? If we con- 
sider the pathway that the eleci ideal current is most likely to follow 
in the three limb lead.s one po.ssiblc explanation suggests itself. In 
Lead I, with the right arm electrode applied to the right arm and tlie 
left arm electrode attached to the left arm, the shortest pathway for 
the electric euri'ent to ])a.ss would be from the right arm thi'ough the 
right shoulder region to the left shoulder and left arm. This is entirely 
above the heart. AVilson,’- and AVolferth and AVood’*’’ have stated that 
the nearer an electrode is to the infarct the more likely it is to register 
the infarct and, conversely, the farther away it is the more indifferent 
the electrode becomes. If this be true, then Lead I is more indifferent 
than Leads II and III, as it is farther away from the left ventricle or 
even the heart itself. For Lead I to be made more sensitive to Ti 
changes it would have to be taken so that the shortest path for the 
. current to travel would run nearer to, or even better, directly through 
the heart itself. Following out this line of reasoning, the right arm 
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electrode Avas placed in the right midaxillaiy line and the left arm 
electrode in the left niidaxillary line and the left leg electrode was 
applied to the left leg in its accnstonied place. The regulation large 
metal electrodes were used and the electrodes were applied in such a 
manner that the long axis of the electrode rested on the niidaxillary 
line (Fig. 1). Three midaxillarr leads were taken. The fii-st midaxil- 
lary lead (axi) was from the right niidaxillary line to the left mid- 
axillary line and ivas 1aken by setting the electrocardiograph as in 
taking Lead I of the limb leads. The niidaxillary Lead IT (axo) was 
taken by setting the electrocardiograph to take Lead II, the current 
passing from the right niidaxillary line to the left leg. The niidaxillary 
Lead III (axn) was taken by setting the electrocardiograph for Lead 



Fig-. 1. — Reft lateial view .‘Showing the left arm clecti'ode in place in the left 
midaxillary line. Tlie right arm electrode was .similarly placed in the right mid- 
axillary line. 

Ill and the direction of the current ivas from the left midaxillaiy line 
to the left leg. The fir.st tracing using the niidaxillary leads was taken 
Sept. 18, 1934 (Fig. 3). 

Although it is natural to suspect that lateral thoracic leads should 
be investigated following the valuable contributions of Wolferth and 
Wood^'** on anteroposterior thoracic leads, the writer has found no 
published record of them. Howei-er, on May 12, 1936, Lundy® stated 
to the writer that in some unpublished work he had made 1,000 trac- 
ings, using the niidaxillary Lead I (Lundy calls this Lead SS, meaning 
side to side). It is possible that he began his work, first. However, 
his approach to the subject differs from the study here presented. 
GroedeF used a lead in which the right arm electrode was placed on 
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tJie rig:]it ai’iii aiul Uic left arm electrode was placed in the left anterior 
axillary line at the level of the lower end of the stennim, which he 
considered to he especially sensitive for the left ventricle. Groedel’s 
lead does ajipear to he quite sensitive to Ti electrocai-diographie 
changes, hut does not register them quite as markedly as the mid- 
axillary Lead I, as is seen later in this paper. Hyman'' has been work- 
ing with various thoracic leads h\it his work is as yet unpuhlished. 

Since Sept. 18, 1934, the midaxillary loads have heen used on more 
than 600 cases. Of this numher there were many normal eases, some 
of which were studied for control pniiioses and others in the course 
of I’outine examinations. The normal (Fig. 2) for the midaxillary 
Leads I and IT was the same as for tiic eorrcs])onding limh leads ex- 
cept that the voltnge Avas a little greater in the midaxillary leads. Li 



Fig. 2. — A normal control electrocardioBrain. The complexes of Uic ml(laxlllar\' 
leads are similar to those of tlic standard limb lead.s. Lc.ads one to five are indicated 
in small Roman numerals, I, li, ili, iv, and v, in this and tlie folIowinK- flgrurcs. The 
midaxillarj' leads are marked axi, axu, and axiii. 


no case was there any inversion of the T-wave or isoelectric T or 
diphasic T in midaxillaiy Lead J alone or the comhined Leads I and 
II unless there was definite clinical evidence to account for it. The 
same applied to ahnormalities of the KS-T segment and the Q-waA'e. 
On the other hand, whenever the T-wave was inverted in the limh 
Leads I or I and II it tvas always found to he inverted in the corre- 
.sponding midaxillary leads. 

Midaxillary leads liaA^e been studied in 38 cases with definite histoiy 
and electrocardiographic findings of mj^ocardial infai’ction. Cases with 
biindle-brancli block ivere not included. The three conventional leads 
and Leads IV and V'^' also have been taken for eompainson. In some 

*The anterior electrode was placed just to the left of the sternum and not at 
the apex for Leads IV and V. 
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oiil.y one tracing lias been taken and in others it was possible to obtain 
serial electrocardiograms. In order to conserve space the history and 
eleetroeardiograms of all of these cases will not be presented. How- 
ever, typical eases will follow to illustrate better the findings in this 
stndv. 

There were 18 cases in this gi-oup with the Ti type of electrocardio- 
graphic changes. Cases 1. 2, and S are of that type. 

Case 1, — Mr. D. S. vas sovonty-nine y('ar.‘« olil in July, 10*1.3, •\vlion lie began having 
anginal attack.^. On Sept. l.% 10.34, he had a severe acute myocardial infarction rvith 
pain lasting twenty hours. Pulnunuiry edema .‘;oon followed. He had another attack 
of pain Sept. 23, 39.34. His death occurred Oct. 3S, 1034. There was no post-mortem 
examination. An electrocardiogram on Sept. 37, 1034, showed a deep Q,, a liigh 



Figr. 3 . — Case 1. Electrocardiogram three day.s after onset of acute, myoc.ardial 
infarction. Elevation of RS-Tj. Depression of KS-Ti and RS-Tr.. Deep Qi and mid- 
axillary Qi. Tj is positive but tlie midaxillary Ti lias already become inverted. 

Fig. 4. — Ca.se 1. Electrocardiogram .seven d.ays after onset of myocardial infarc- 
tion. Ti lias now become inverted but not a.s deeply as the mid.axillary Ti. Mid- 
.axillary T: ha.s become flattened. 

take-off and definitely elevated ES-T„ an inverted T„ a complete absence of Q, and 
Q5 and a marked depression of ES-T., and ES-T^. On the following day, and just 
seventy-two hours after the onset of tlic pain, the first e.viieriment with tlie mid- 
axillary leads tvas performed. The tracing at this time was similar to the one of 
the previous day so far as the conventional leads and the anteroposterior leads were 
concerned, except that T^ was not inverted (Fig. 3). In the midaxillary Lead I, 
Qi "was greater than the limb Q, and midaxillary T, was inverted. On Sept. 20, 
1934, a tracing was essentially the same except that T, of the limb leads had become 
slightly inverted and in the midaxillary Lead I the T had become more deeply in- 
verted. In the limb leads T„ Avas npriglit but in the midaxillary leads it was lower 
. and somewhat diphasic. The last electrocardiogram, taken on Sept. 22, 1934, show'ed 
no further change (Fig. 4). In this case the type of change had been found to 
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he a little more marked in llie niiduxillary Leads I and H than in tiie e.orrespomling 
limb leads. Furthermore, it appeared that these ehanges were a little furflier ad- 
vanced in the midaxillary leads, suggesting that the proximity of tlie path of the 
lead to the heart had something to do with the form of its wavtw. It was because 



Fig-. 5. — Case 2. Electrocardiogram on Feb. 10, 193G. Severe anginal attack.s were 
experienced previous to this electrocardiogram but the acute myocardial infarction 
came later. The electrocardiogram wa.s similar on Dec. 2C. 1935. 

Fig. 6. — Ca.se 2. Electrocardiogram Feb. 2.5, 193G, l-aken fifteen hours after onset 
of acute myocardial Infarction. The electrocardiogram was .«imil;ir eiglit hour-s later. 
Note the depressed RS-T segment and diphasic Ti In the limb and midaxillarv leads, 
Qi has become normal. 


the Tj changes in the midaxillarj' leads seemed further advanced than in the limb 
leads in this case that additional cases were studied. 
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.1 X? II. P. 'V.ns forty-eight vcarfi of ago v.'hon fir.^t .‘-eon l eb. If>ol. 

Hr OTigM’ssO po»...ls. rtrrtr.«’.-.r,liogmm ww nornul at tl.at tiii.r aa.l on 

•Viml 17 lost. Ilia '''o'"! im-ssuro ot,s 12S mm. of iimrimry .oyalolm nod 00 mm. 
dtaloli.-. In tlm fall of 1033 ivl.on In- nan rojcolod for life in-nra.,.,'.- t..s Wood pros- 
sure >vas 1,30 lara. of moroun- systolic .and 110 ram. dia.slolio. Ho liad litid anginal 
pains for n nombor of .mratl.s and on Doc. =5. 10:'..3, 1.0 bad a s.-c..u- altaclt ast.nB 
about, ono hour. Tiio olo'trornnliogrsirii on the foliinving (bay \vr,<i ‘urnilar to ‘‘S- 
shoiving a acop Q, in the limb ami miiluN-illary leads tuvl a snmU Q, and Q,. .rito 
QES, was notched in the limb and inidaxilbm' leads, .lie had another attaek he). 
i\ 19 : 10 . and on the following day the elect rocardiogratn showed no futiher change.^. 
On Feb. 24, ItblO, he developed severe substernal ]iain which lasted tuenty-fonr honr.-s 
and was" not relieveil eompletcdy by hypo-lermie tulmitiistnition of morphine or 
dilaudid. An electrocardiogram taken fifteen hours niter the ons'et of this attack 
showed a depr.-sion of the PS-T, and a diphasic T, in the^ limb and rnidaxtllary 
leads. Dmd IV was normal and reninined .‘.•o. as did Lead A in all of tlic remain- 



Fim 7. — Ca.se 2. Eleciroeaiflioprani of Fet*. 27, ISttf!. tnken tlircf« days after onset 
of infarction of niyocardluni. Tj is still diphu.sic in the limb leads bvit ha.s become 
Inverted in tbe inklaxillary Is ad I and .somewhat dinhasic in the niidaxlllrirs' Lead II. 
Leads lY and V are normal. 


ing tracings (Fig. G). The elcctrocnrdiogratn wn.s .similar twenty-three hour.s later. 
Two electrocardiograms taken on Feb. 28, Ith'iG (Fig. 7), showed no further elmngo 
in the limb Lead .T, but in the midaxillary Lead I the T was definitely inverted. 
Tracings on Alarch 4 and, 5, IfGtO (Fig. 8), showed inverted T, in both the limb 
and inidaxillary lcad.«. The T, invention and H.S-T, depre.ssion and upward conve.xity 
were ranch greater in the niidaxillary Lead I than in tlie corrosponding limb lead. 
Alidaxillary T, was (lii>hasic, wliile the conventional Tg was mnight siml unchanged. 
On Afarch 27, 193G, T, was isoelectric, while the midaxillary T, -was still deeply 
inverted and the midaxillaiy' T, diphasic (Pig. 9). On ATay 2, I93G, and on .Tune 5. 
1930 (Fig. 30), the entire electrocardiogram was normal except that the raidaxillarv 
1, Avas diphasic and the RS-T in that lead was slightly depressed. On ,Tuly 13. 103G, 

reminder of ilic accrident Avtis a low tuke-ofi: of the 
ES-T in Lead I and a still loAver take-off in midaxillary Lead I. 




708 


THE AMEUrCAN HEART JOURNAL 


Tlie serial eJectroeardiogTajns in this ease have sliowji the cliarac- 
teristie electrocarcliof^i-aphie changes following myocardial infarction 
of the Ti type to appear earlier, to be more marked, and to last longer 
in the midaxillary tlian in tlie limb leads. In Iavo tracings (Fig. 8) 



Eigr. 8. — Case 2. ElectrocardioKram t.alten March 5, J93C. Ti Ls InvertoJ In the 
limb and midaxillary load.*!, hut the Ti inversion and upward convexity of tite RS-T 
segment are much greater in the midaxillary lead. Ts is upright in the' limb load, but 
diphasic in the corresponding midaxillary lead. 



Fig. 9. — Case 2. Electrocardiogram taken Alarch 27, 193C, thirty-one davs after 
of myocardial infarction. The limb lead Ti is now isoelectric, while in the mid- 
axillarj' leads the Tj is still deeply inverted and the R.S-Ti .still has a definite upward 
convexity and Tj Is still diphasic. 


definite inversion of tlie limb Ti did occur to show that this was really 
a Ti t3-pe of infarct. Leads lY and Y of Wolfertb and Wood,^-^ though 
abnormal previouslj', remained normal after the onset of the infax'ction. 


3I1DAX1LLARY IjEADS IN IRYOCAKDIAH IKFARCTION 709 


•\VHITTEX : 

Case 3— Mr. I. B. T., aged forty-eiglit yeans, was seen in a neighboring city 
July 27, 3935, and an electrocardiogram was taken at that time. Three days previ- 
ously he. had begun with a typical history and later had the usual laboratory findings 
of acute myocardial infarction. The electrocardiogram showed a low voltage except 



Fip. 10. — C.'isc 2. Klfctroofiifliopram taken on Jlay 2. lOSfi. The T i.s now po.'sitive 
in the limh Ee/ul I (t) but itipl^.isio in tlm inidaxillary EeaR I (axi) and tlio 
HS-T segment is still (lepre.s.‘'C’d helmv the i.socloclric line in the lattei- lead. 



• ot electrocardiogram three days after onset of myocardial 

infarction. The elevation of the RS-T shows better in the midaxillary Read 1 (axi) 
man In the corresponding limb lend (i). Depressed R.S-Ti and RS-Tc. 

in Leads IV and V (Fig. 13). The only evidence of a recent infarction registered 
in the limb leads was a scarcely recognizable elevation of KS-T,. The ES-T in the 
midaxillary T^ead I was more definitely elevated and ended in an upright T. The 
amplitude of the QRS in the midaxillary Lead I was greater tlian in the correspond 
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ing limb lead. Q, and Qj were absent and ES-T^ and RS-T^ were dcjiresscd. This 
is a typical early T, type of electrocardiogram with (he clianges more marked in the 
midaxillary and the anteroposterior thoracic leads than in the limb leads at the time 
the tracing was taken. 

Be.sides the 3 case.s briehy pre.sented, ]p additiona] ea,se.s ol; the Ti 
type tvere .studied, luahiufr a total of 18 in all. Data concerning all 
18 case.s may he found in Table I. In 15 of these 18 eases the changes 
in the T-tvave tvere more marked in the midaxillaiy Ti than in the 
limb Ti. In the remaining 3 case.s the T-ehanges were practically 
equal in the limb and midaxillary lead.s. In G cases it was shown that 
the T changes had occurred earlier in the midaxillary Ti than in the 
limb Ti. In the remaining cases the elect rocardiograms were not 
taken earlj' enough or often enough to see in which the change oc- 
curred earliest, the limb or midaxillary leads. In no case was the Ti 
change inoi'e marked or seen earlier in the limb than in the midaxillary 
leads. In 2 cases in whic-h it was po.ssible to follow' through with 
serial electrocardiograms the Tj changes persisted longer in tlie mid- 
axillary Lead I than in the limb Ti. In no case was the reverse true. 
Because of persistent electroeardiographic changes, inability to secure 
sei’ial electrocardiograms, and fatalities, the duration of the persistence 
of the T abnormality is unknowm in most of the eases. 

Table I 


SujtMAP.v OF T, Cases. A ConpAi!i.so.N' or the Ciiaxoes is T, a-vd 1', i.v the Limb 

AKI) itlBAXir.IAUy LE-'iD-S 


CASE 

T, CHANOE.S MOKE 
JtAP.KED*" 

T, CHAXOE.S vU’PEAP.EP 
ILtRUEi:l 

IT, CHA.VGES I’FJISISTEP 

1 I.OKGErd 

1 

UX,.;§ 

ax... 

i ax. 


ax, 



2 

ax,.,§ 

ax,- 

a-x,- 

4 

ax. 



5 

ax. 



6 

ax, 



7 

ax. 

ax, 


8 

ax, 



9 

equal 11 



10 

ax^.2 

ax,- 


11 

equal 



12 

ax. 


equal 

13 

aXj.« 

ax. 


14 

ax. 


ax. 

15 

ax, 1 



It) 

ax. 



17 

ax. 

ax. 


38 

ax. 

ax, 



‘Where axi has been omitted it was normal or the changes were equal to those of 
the limb Ts. 


fiVhere nothing has bcc-n recorded the electrocardiogram was not hiken early 
enough to determine if changes appeared earliest in limb or axillary lead.s, 

tWhore nothing has been recorded the patient was not followed long enough to 
determine if the electrocardiographic changes persisted longer in the midaxillarc than 
in the limb leads. 

SLimb Ti never was abnormal. 

I'Ti changes were transient in both limb and midaxillarv leads and quickly dl.s- 
appeared. 
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. Cliaiig'es ill Lead IT iu this series of Ti t.ype infarcts were found to 
be more marked in the midaxillary position than in the limb leads in 
5 of 16 cases in which this lead was taken. In 3 of these 5 cases the 
limb Lead II was normal. The limb Lead II changes in no case were 
greater than the midaxillary Lead II changes but were equal in 6 of 
the 16 eases. Lead II changes lasted longer in 2 cases in the mid- 
axillary leads, but in no instance did the limb Lead II changes per.sist 
longer than those in the midaxillary Lead 11. 

The Ti changes which were observed in the midaxillary Leads I and 
n in the cases in this group included significant elevation or depression 
of the BS-T segment, inversion of the T, cove-shajied (eoi-onary) 
BS-T segments, and Q-waves of increased amplitude. Naturnll}" all of 
these changes were not necessarily present in any one given ease. 

There were 14 cases showing a T;: type of tracing included in this 
scries. A brief description of 2 cases follows. 



Flgr, 12. — Case IS, Early Tj typo of clectrocarclloprnm tnlccn four davs after the 
onset of acute myocardial lufnrctiou and .showing: elevated RS-T in tiic limb and 
midaxillai’y Lead.s II and HI and in Load.s IV and V. .ALso showing diphasic T- and 

and mldaxlllnry leads. Tlic Ts cliangcs are slightly more 
marked in the limb than in tlic midaxillaiw leads. 


Case 18. — Mr. O. C., aged forty-six year.s, had an acute attaclc of myocardial 
infarction four days before tlie electrocardiogram was taken. The tracing (Fig. 
12) showed a diphasic T, in the limb and midaxillary and anterior axillary leads* 
and an inverted T, in the limb, anterior axillary and midaxillary leads. The ES-T 
was elevated in Leads IT, 111, IV, V, ax., anterior ax. and anterior ax^. Tlierc was 
a deep Q, in the limb leads and a deep Q, in tbc limb, anterior axillary and mid- 
axillary leads. The changes in Lead II were a little more prominent in the limb 
leads than in either of the axillary positions. 


Case 19.— Mr. T. B. R., aged forty-nine years, was seen by me for an eloctro- 
cardiogr aphic study only. He had had angina pectoris during ibo preceding six 

anterkir ’ electrode was placed on the right 

instead m A electrode on the left anterior axillarv l^e 

directpri corresponding midaxillary positions. This generally gave Vaves 

Leads I ind^TI <31rectlon but of greater amplitude tlian midaxillary lead^ln 
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Diondis. Acute uiyoeardiul infarction had bciXim about fifty-two hours before tlie 
tracing was taken and the pain had continued up to tliat time except when he was 
under the influence of morphine. The electrocardiogram (Fig. 13) showed a normal 
T, in the limb leads. In Lcad.s II and III the IlS-T was elevated markedly, with a 
high take-off from a notched R-wavc. Large Q. and Q, were also present. In the 
midaxillnry Lead I the T-wave was practically i.soelectric and if there was any de- 
flection from the isoelectric line it was toward inversion of the T. There was also c. 
small Q in midaxillary Lead I. Midaxillary II was almost identical with T^ad II 
except that it was of .slightly less voltage. Midaxillary Tj did not look much like 
midaxillary T. or the limb T, or T,, for the IJ-wavc was short and w.as not notclied. 
In the midaxillary Lead III there was a deep Q, however, as well as an elevation of 
the ES-T interval with a high take-off. The T also was inverted, bnt not as deeply 
as in the limb Lead III. 

The blood i)ressurc remained elevated. The patient died Oct. 5, ISt.'t.I. The post- 
mortem examination showed a massive infarction of the jjosterior part of the left 
ventricle and interventricular sej)tnm in the region usually supidied by the right 
coronary artery. The infarction extended to within 1 cm. of the apex bnt did not 



Eig. 13. — Case 19. Earl.v Tj type of eleclrocardioKram t.'iken fifty-two hours after 
the omset of acute myocardial infarction. Tlie inverted T; and Tj eiovated RS-T- and 
KS-Ts, deep Qi and Qj in the limb and niidaxillaiT lead.s indicated Tj type of infarct 
(posterior basal part of left ventricle) which wa.s proved by po.s-t-niortoin examination. 
The hypertension which persisted in spite of tlie .acute infarction accounts for tlio 
inversion of the T in the nild.axiliar.v Lead I. The niidn-xniar.v Ti is liere sliown to be 
more sensitive to left ventricular strain (hypertension) tlian the iimb Ti, for the latter 
has remained upriglit. 


reach to tlie apex. There was marked thinning of the posterior wall of the left 
ventricle about 2 cm. from the posterior part of the interventricular septum and 
about three-fifths of the distance from the coronary sulcus to the apex. A jierfora- 
tion had occurred at this point, and the pericardial cavity was filled with clotted 
blood. Therb were unusually large branches of the right coronary artery going to 
the infarcted region in the posterior part of the left ventricle and the posterior part 
of the interventricular septum. These vessels were markedly sclerotic and occluded 
by thrombi. They were of the size to be expected^ when the right coronary artery 
is larger than usual and supplies more of the left ventricle toward tlie apex and 
toward the left than is found in tlie average lieart. There was no infarction in the 
region supplied by the left coronary artery. 

Case 19 shows the Tg change in both the limb and midaxillaiy leads, 
but this change is .shown better in the limb leads. The changes in the 
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inidaxillary Ti mar best be interpreted as beiii{^ a residual effect of 
the predominant left rentrienlar straiiff from the hypertension, r-hieh 
showed better in tlie inidaxillary Lead I than in the correspondin<»‘ 
limb lead. (See comments and jiaper on venirienlar straiid^ to folloAv.) 

Table II shoAVS a summary of these 2 cases and additional cases hav- 
ing cA'idenee of only the T.t type of infarct. 

Taju.k .1 1 


Su.MMAV.A- or T, C.ASKS. A CoMi’AuisoN- or T- Axu T,. Chaxoks IX Tin: Li.mb axd 

.Arn)A.xn.i.AnY Lkakk 


CASK 

Tj cn.A.Xr.KS .MO.ST i 

1 AlAUKKO j 

T. ellAXCES I’KI’.SISTED 

t.oxgkvA, { 

JS 

^ IiiuIj 'U 


.ID 

limb T. A 'L 

1 

i 

20 

limb T. sb. i 


21 

limb '!\f 

1 

1 

iflO 

limb T. & r. 

( 

2.^ 

limb T„ Sb, J j 


2:1 

oqufil 1 


25 

oqual 1 

mi(1-ax T. 

20 

limb T. A T, <]. j 


27 

oqual 1 

mid-ax T, .<b,J 

2S 

mifbnx T, pb. 1. i' ; 


2D 

limb T,L V 1 


55 

oqual 1 


57 

limb T, ct T, | 



*AVhero notliin^r i.s loconlod tlie jifairnt wa.-: nai followed Ions cnouprli to detormint* 
chanf^es?. 

tit wn.s not po.«.«iblo in any case to .‘^how that the Ts cdianKos occui rod oarlloi- In the 
limb than the nddaxillniw loads, or vice vor.sa. 

4:Tndicate.s changes in Ts and T n.\2 are taual. 

glndicjito.s Ti and T axs are equal. 

IjT axt is somewhat dlphrusie .«o there jnay h.ave been some additional Ti effect on 
T axi besides tlie Ti effect. 

!;T axt quite loiv but tids pal lent iiad a previous h\'P''rte»i.sion .so there may bo 
some ro-sidual Ti effect acting on T^ also. 

.'ll. Indicates slight differenco. 

In Table II there are listed 14 eases of the Ta tyjie of myocardial 
infarction. In 8 of these cases the T.q change Avas sIioaami better in 
the limb Lead 11 than in the inidaxillary Lead IT, in 1 ease the change 
AA'as greate.st in the. midaxillary Lead IT, and in 5 eases the change AAms 
equal in the tAA'O sets of leads. The Ta changes in the limb Lead III 
Avere greater than in tlie midaxillary Lead III in 5 cases, and equal to 
those in the limb leads in the remaining 9 cases. In no cases aauis it 
possible to determine AAdiether the changes occurred earlier after in- 
farction in the limb or in the inidaxillary loads. In 2 cases the changes 
seemed to persist longer in the midaxillary Lead II than in the limb 
Lead 11. In each case. AAdiere the T.q changes AAmre present in the limb 
leads there Avas also definite change in the coiTcsponding midaxillary 
leads. The midaxillary lends appeared to he of but little if any addi- 
tional Amine in the T.q type of infarction. 

Six cases shoAAmd CAudence of both the Ti and Tn abnormalities in 
theii electrocardiograms. Taa’^o cases ot this type in AAdiieh iiost-mortem 
examinations Avere possible AA'ill be briefly described. 
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Case 30.— Afr. C. R. JL, afrtxl forfy-tlircc year.*;, was seen on Afardi 0, 193.’j, He 
had had a few pain.s sugRCstinp: angina peeloris during the previous two years. Dur^ 
ing the week previous to tlie first elect roeardiogratn he Iiad c.vpericneed six or seven 
attacks of sub.stenial pain, either after meals or while at rest in bed, and one while 
climbing stairs. His last attack lasted at least fifteen minutes. Because of his fre- 
quent painful attacks even when at rest he was put to lad and kej)t quiet for about 
one month, and then was allowed to be up a little. On April 2S, HtSd, he was 
seized with a sudden severe abdominal pain. The urine contained blood. Morphine 
was required for relief. A diagnosis of left renal lithiasis was made. Two days 
later he had a marked pulmonary edema and then developed severe substernal pain 
considered to be acute m 3 -ocardial infarction. A pericardial friction nib appeared. 

The first electrocardiogram, which was taken on March 10, showed a de- 

pression of the RS-T interval in Lead I and elevation of thi.s same interval in 
Lead III. In the corresponding axillary leads the same changes in the RS-T in- 
terval were pre.=cnl and were slightlj- more marked. There was a deep Q-wave in 
Le.ad III and in midaxillary I^ead TIT. Lc.ad.« IV and V were normal. The second 



Fig:. 14 . — Case 30. Electrocardiogrram two days after last acute myocardia) infarc- 
tion. The limb leads (i. ii, and Hi) .'■how a Tj type of tracintr with Inverted T; anl Ta 
and deep Q:. Tiiere is, howe\-er. a depressed RS-Tt and RS-Ti and a dipliasic tendency 
to Tj which suggest a possible T, cliange nl.so. In the midaxiliarj- leads faxi. axii, 
axm) the Ts change is not 'well shown, while- tlie Ti i.s. tlie R.S-T and T in mid- 
axillary L,eads I and II being quite similar. Autop.sy showed hotlt Ti .and Tj types of 
infarcts. 


tracing (Fig. 14) was taken about twelve hours after the development of the acute 
mj-ocardial infarction, and a depre.ssion of the RS-T interval still remained in 
Lead I and in midaxillary- Lead I, with the T-waves becoming diphasic. T. was in- 
verted in the limb and midaxillary leads, but the inversion was-more marked in the 
limb lead. 1% was inverted but midaxillary- T, yvas really- diphasic. Q, and Q, were 
shortened and T< and more deeply- inverted. Q, yvas deep. In the limb leads this 
was an electrocardiogram of the T, type and suggested infarction in the posterior 
part of the left ventricle in the part u.sualh- .supplied by- the right coronary- artery. 
The midaxillary- leads, hoyvcver, yvere not so typical. Both the midaxillary T, and 
T, were diphasic. The T and R-S-T in midaxillary- Lead II resembled that of Lead I 
more than that in Lead HI. 

MTien there are changes in the T and BS-T in all three leads Barnes and I found 
such, a comparison of Lead I or Lead III with Lead II yvas often a help in deter- 
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mming ^YlletIler w tvore dealing with a T, type or typo of tracing. Tliis case, 
according to this observation then, would suggest a Tj fype of tracing in the mid- 
axOlarv- leads and a T, type in the limb leads. 

The autopsy showed a stone lodged in the left ureter and a recent inf.arction of 
the midportion of the posterior part of the left ventricle. At the site of the infarct 
the heart was practically perforated, but pericardial adhesions had kept the heart 
from actnally rupturing. There was also an acute infarction of the upper portion 
of the posterior part of the intcn-cntricular septum. These infarctions wore all in 
the region supplied by the right coronary artery. There was no infarction in the 
right ventricle. There was an old fibrous endocardial and snbondocardial infarction 
in the anterior portion of the interventricular .septum where stippHod by the left 
coronary jirtery. 

The second eleclroenrdiograiii in the limb leads in Case 30 was of 
the Ta tyTie and showed a Irnc xiictiirc of the recent infarct, wliieh was 
in the usual site and Avas produced by a right coronary artery lesion. 
The depression of the RS-T interval in Lead I and in inidaxillary 



Fig:. 1 '}. — Case .II. KIoctrocanliaKr.un taken just before dealli from inilmonary 
ecicma in a patient with nuiUipIe infarcts proved .at autopsy to lie of Tj and Ts types. 
In the limb leads (i, ii, lii) the Tr is dlplmsic and Ts inverted, suggostinp a Ta type 
of change but tlie RS-Ti and RS-Tj liavc a iow' take-off wiifcii has modified tlic 
changes in T-. Tlie T is diptia.sfc in .all of the niidaxillary le.ads (axi, axti, axiii) 
but is similar in midnxillary Reads I and 11 and niidaxillary III is the reciprocal or 
invert of midaxillary Lc.ad I. The RS-T doprc-sslon in midaxillary II also is similar 
to tlie change in midaxillary I. The midaxillary tracing is of the Ti typo, while the 
limb leads .show some Tj changes. 


Lead I was probably a result of the old anterior infarct, as these 
findings showed in the fii'si tracing and Avere not entirely effaced by 
the later right coronary artery’' lesion. It is to be noted that the Ti 
tA^DC of change Av-as manifested better in the midaxillary leads and the 
Tg changes Avere better displaced in the limb leads. 

Case .31, — ^yir. 0. F. T., aged sixty-eiglit years, was seen in consultation with Dr. 
George Carlisle, of Dallas. This patient had had a number of attacks of acute myo- 
cardial infarction. His blood Wassermann reaction was strongly positive but ho had 
no sign of aortitis or aneurysm. Ho had had previous electrocardiograms which 
showed, on July 24, 1935, an inverted T, and T„ on Feb. 7, 1934, a dipliasic T^ and 
an inverted T^ on Dec. 7, 1934, a diphasic T^ and inverted T, and Another 
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electrocardiogram (Fig. 3d) taken wlum the patient was in extremis, just before death 
from pulmonary edema, .showed, beside.s niimerou.'! ])rematiire ventricular contnictions, 
a diphasic T. and an inverted T,, .stigge.sting a Tj type of fracing. 3bS-'J’, was .^lightly 
depre.«sod and there wa.s a low take-ofT of ItS-T,, In the rnidaxillary lead.s all 3 
T-waves were diphasic, but T, was Btmilar to T, and not like T., suggesting a T, 
tj'pc. In the rnidaxillary lead.s KS-T, and R.S-T, were depre.ssed below, while the RS-Tj 
was elevated above the isoelectric line. 

The post-mortem examination showed that the heart weighed about 400 gm. There 
was a thinning out of the left ventricle rvall from an old massive infarct involving 
the anterior part of the left ventricle and the apex with alnio.st nneiiry.«mal dilata- 
tion of the apex and with old adhesions of the apex to the pericardium. This region 
was supplied by the left coronary arteiy. .Small flcpre.ssions on the jtericardial 
surface leading to the discovery of infarct.s of the i)orpendicular or penetrating 
artery type, which I have i)reviousty described,'' were found in the po.storlor 
basal part of the left ventricle where iisnally stip[(lied by the fdreumflex 
branch of the left coronary arter\' .-md also where usually .supplied by the 
right coronary artery. In this case, ns occurs in about 30 per cent of hearts,'’ the 
entire posterior surface of the left ventricle was supplied hy tiie left coronary 
artery. It has been shown"’ that the portion of the heart involved, and not the 
particular artery supplying it, determines the elect rofiardiognijdiic finding.^ in c.asc 
tlicrc is a variation from the normal blood supply. 

As far as tlie limb leads tverc eoneenied in C’tisc .31 there was not 
much evidence of: ain-lliing but fbe T.t t.vpe of infarct, except in the 
electrocardiogram of J3ee, 7, 1.934, when the Tx was dipha.sic find sug- 
gested the pos.sihility that there also might he associated a left coro- 
naiy artery lesion with a Tx type of infarct. The final electrocardio- 
gram, and the only one in which the rnidaxillary leads were taken, 
.suggested in the limb leads that a Ts tyjic of infai-et was present and 
iu the rnidaxillary leads suggested a Tx type. This seeming discrepancy 
really Avas an indication that the patient had both .susceptible regions 
of the heart involved and this and other cases of this scries suggest 
that the limb lead.s are more sensith'e to the Tn tyjie of infarcts and 
the rnidaxillary leads more sensitix-e to the Tx type. 


Table III 

Summary of Cases .Showing Both T, and Changes. A Comparison of the 
T, anu T. Changes in the Im.mb and MH>Axn.i,ARY Leads Is .Shown 


CASE 

DATE OF ELECTRO- 
CARDIOGRAM 

LEitD.S IN WHICH 

T. c'Hanges were 
BXXST shown 

LEADS IN which 
T, I'lI.VNGES WERE 
BE.ST SHOWN 

I.VDICATIONS OF 
BOTH, T, AND T. 
CHANGF„S WERE 
SEEN 

30 

3/10/1935 

equal - 

equal 

limb & ax 


4/30/1935 

limb 

ax ! 

limb & ax (?) 

.31 

5/ 2/1935 

limb 

ax i 

limb 

32 

4/21/1936 ! 

limb 

ax 

ax 


4/22/1930 1 

limb 

ax 

ax 

33 

7/ 0/1931 i 

limb 

■tt 

«■ 


11/ 2/1934 

Ural) 

ax 

limb 

34 

8/ 4/1936 

equal f 

equal 

limb & ax 

30 

11/10/1936 1 

limb 

ax 

ax 


'MIdaxillaiT leads were not taken in this electrocanliograni. 

a previous electrocardio^i-am of tije Ts tj-pe onlv. In wliicli only 
the limb leads were taken. ..... ....... 
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The 2 cases described and d additional cases having electrocardio- 
grams suggestive of both the Ti and Tn type of infarct, are shown in 
Table IIL Althongh this series is vSinall, 2 eases were verified by 
autopsy. A glance at the table indicates what has already been sug- 
gested, namely, that in most eases and in most ol! the electrocardio- 
grams taken on cases of this type the Ta infarct is better shown in the 
limb leads, while at the same time the Ti type is better revealed in the 
midaxillary leads. In most instances the limb leads, while registering 
the posterior or Tn type of infarct, also gave some suggestion or indi- 
cation of a iiossilile Ti type of lesion. Tn two electrocardiograms the 
multiple infarcts seemed to be shown equally well in the limb and 
midaxillary leads, 'i'he Ti change noted in the limb leads in combined 
Ti and T:; types of infarcts was a slight RS-Ti depression with or 
without a diphasic element in the T-wave in Lead I. That these limb 
lead Ti changes wei*c not. always ])resent in combined Ti and T,'t t.^^les 
of infarcts is soeii in Case 32 in which the first electrocardiogram failed 
to show evidein?e of the 7'i type of infarct in the limb Lead I although 
it was clearly seen in the midaxillary Lead 1. 

It is interesting to note that in the normal eleetTocardiogram the 
midaxillary T.t is more frequently inverted than the conventional T 3 . 
In the fivesome of lesion.s tending to produce the Ti change or in 
multiple infarctions of Ti and Ta type the midaxillary Ta eventually 
is more likely to beeome ]>osilive than is the conventional Ta. Thus, 
all three midaxillary leads appear to be more sensitive to Ti changes 
tlian the limb loads, even in the presence of a Ta type of lesion. 


cow:ment 

Space has not permitted a detailed description of all of the cases of 
myocardial infarction which have been studied with the midaxillary 
leads. It is to be regretted that the sei-ies is so small and the post- 
mortem examinations arc so few. There liaA'C not been many de.'itbs 
among the group of patients studied and, iinfortnnately, the post- 
mortem examinations Avhicli were made were performed on iiatients 
whose electrocardiograms had indicated T;{ or combined Ti and TL 
types of infarcts. Regardless of llie ])ancity of i)ost-mortem proof 
there is enongh evidence based on onr previous knowledge of the 
eleetroeardiogra])liic localization of myocardial infarcts in the limb 
leads, which also were studied in eaeli ease, to indicate that the mid- 
axillarj’- leads aceui-ately indicate the site of the infarction. 

In all of the cases reported in this paper the right and left arm 
eleetrodes were jjlaced in the corresponding midaxillary lines. Since 
infarction produced by a lesion of the left coronary artery is generally 
in the anterior part of the heart it was thought that this lesion might 
be shown better if the axillary electrodes were placed in the anterior 
axillary lines, rather than in the midaxillary position. Such a lead 
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does slio-\v greater amplitude of the T and the various other Mmves in 
Lead I and greater inversion of tlie T in the pi-esenec of a Ti t3'pe of 
infarction, but as j'et no evidence has been obtained to indicate that 
this lead is ain" more accurate or reliable than the midaxillary Lead 
I. Conversel.y, it might be expected that electrodes placed at the 
right and left posterior axillary line might show the Ts changes of 
posterior infarcts best but this does not seem to be Irue in the fev' 
eases studied %vith these leads. 

In a few eases Leads T, IT and III were taken in all possible combi- 
nations, until the right arm electrode placed first on the right arm, 
then the light anterior, middle, and posterior axillaiy lines, and the 
left ann electrode attached to the left arm, left anterior, middle, and 
posterior axillaiy linos. None of the.se possible positions for the elec- 
trodes seemed to be superior to the midaxillaiy leads. The important 
point that was noted was that, as far as the T-wavc inversion in Lead 
I was concerned, this inversion became progressivel.y deeper in the 
following order as the leads approached the level of the heart: right 
am to left arm, right midaxillaiy line to left arm, right ann to left 
midaxillaiy line, and right midaxillarj’’ line to left midaxillaiy line. 
No effort was made to determine differences in the electrocardiogram 
in the upper and lower levels in the midaxillaiy lines, for small elec- 
trodes were not used, the tests being confined to the use of the larger 
linear electrodes commonl.v used, at least until recentl.v, in clinical 
electrocardiography. 

Since the midaxillaiy leads pa.ss through the heart from side to side 
thej' do not resemble Leads IV and Y of 'Wolferth and Wood.^^ which 
pass through the heart in an aiiteropostenor direction. The midaxil- 
laiy leads resemble more closelj' the standard limb loads. Since the 
thorax is naiTower anteroposteriorh' than lateralh* and the heart oc- 
cupies more of the anteroposterior diameter than the lateral, one would 
expect to find Lead IV to be more sensitive than the midaxillaiy leads, 
and in the main this appears to be true. This would seem to place 
the midaxillarj* leads intemediate betAveen the limb and anteroposte- 
rior leads as far as their sensitivitA- for Ti changes is concerned. In 
general, then, Ave find that the limb Lead I is not as sensitive as might 
be desired for Ti changes and is likeh' to be unchanged unless con- 
siderable pathologic damage has resulted. It is the author’s impression 
that the anteroposterior leads go to the other extreme and maj’^ at 
times be a little too sensitiA^e and sIioav abnoiTnality Avhen clinieallj’’ 
one is unable to account for it. In the absence of changes in the limb 
or midaxillaiy leads one must be a little cautious in interpreting 
diphasic and occasionallj’ upright T, slight changes in the level of the 
KtS-T segment or slight shortening or lengthening of the Q in the an- 
teroposterior leads as ahvaj’^s indicating cardiac abnonnality. Marked 
changes. in the. anteroposterior leads appear to be more reliable. The 



WHITTE^‘: MIDAXlLLARr LT3ADS IN MYOCAKDIATj INI-URCTION 719 


midaxiJlai’y leads ai)pear to be eiiougli more sensitive tlian the limb 
leads to show Ti changes bettor, but not enough so to show changes 
that cannot be aeconnted for on a pathologic basis. Even thongh the 
anteroposterior leads seem to be more easily altered from the normal 
than the limb or midaxillary leads, some cases were studied in which, 
in the pi'esenee of Ti changes in the limb leads, the anteroposterior 
leads remained normal (as in Case 2, Pigs. 6 to 10). This indicates that 
in the future electrocardiography cannot be confined to a stndj' of 
three or four leads without interfei-ing with progress. Jnst what leads 
will eventnally be found the most satisfactory is not known at present. 
l\rore experimentation is needed. Other leads, sneh as Weinstein ^s^ 
‘^multiple plane’' leads, mnst be evaluated. 

Leads IV and Y have complicated electrocardiography, not so much 
because of the additional leads required, as from the necessity of 
developing a new standai'd for normal and abnormal in leads where 
all complexes, in fact, the whole tracing is inverted. This difficulty 
is not encountered in the midaxillary leads, for the right arm electrode 
is not placed closer to the heart than the left, so all of the complexes 
are normally upright. 

The addition of three more leads would make electrocardiograph}^ 
more tedious. Since the midaxillary leads show the Ti changes and 
not the Ta changes more advantageously than the limb leads there is 
no real necessity for taking the midaxillary Lead HI. Furthermore, 
any Ti change likel}- to alter midaxillary Lead II is almost certain 
to change midaxillary Lead I to a more marked degree, so midaxillary 
Lead TI also can be omitted. ’Phus, with the addition of onl}* one more 
lead,*" the midaxillary Lead I, or as it might be called, the lateral 
thoracic lead, it is possible to depict practically any .sigjiificant Ti 
change that these three midaxillary leads might show. If the mid- 
axillaiy Lead I shows significant abnormality, then, if one desires, the 
midaxillary Leads 11 and III also may be taken, but very little addi- 
tional information is likely to be gained except jiossibly in combined 
Ti and T3 changes. 


Ill several cases there was a seeming contradiction, in that the limb 
leads suggested the Tn type of infarction and the midaxillary leads 
the Ti type (Table III). Idiat both systems of leads were correct was 
seen in two of the eases that came to post-mortem examination, as in- 
farction in the location anticipated for both the Ti and Tg electro- 
cardiographic changes was found in each of these cases. In the 
remaining cases of this group there was a history of multiple acute 
coronary episodes. Furthermore, in 4 of the 6 cases in Table III there 
were some changes in the KS-T level and T in Lead I of the limb 
leads t hat suggested that there might also be an associated Ti type 


even^ midaxillary Lead I is not recommended for, or 

t-ven suggested as a substitute for, or to replace, the conventional limb Lead I. 
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of lesion. Electrocaixliogranjs of Ihe liinb leads, .such a.s tliose of 
Pig. 14 and Fig. 15, are of this characler. Cases in which, in the 
presence of inversioji of Tn and T;t, there is also a diphasic or inverted 
Ti should make one suspect a possible Ti type of lesion, in addition 
to the Ts. Barnes and I found a number of these eases with changes 
in all three leads and suggested that eventually, if successive or serial 
electrocardiograms were taken, the.v generally avouUI reveal the more 
recent or more predominant infarction or ventricular strain, in the 
absence of digitalis elTeet or pericardial adhesions. The rule, Avdiich 
has been previously refcn-ed to, and which Barnes and I followed in 
the interpretation of the 1' type of change in the electrocardiogram 
in some of these more difficult ca.ses Achere thci-e is some change in 
all three limb leads, AA'as to obseiwe cai-efully the T and RS-T in Lead 
II and determine AA'hether it more nearly resembled the corresponding 
segments of Lead I or of Lead III. If it resonbled Lead I vrc con- 
sidered the tracing to be of the Ti type, and if it resembled Lead III. 
AA’c considered it to be of the Ts tj-pe. This general rule has been 
folloAved in the interpretation of the electrocardiograms in the cases 
listed in Table HI, and obseiwation of this rule enables one to obtain 
a little additional knoAvledge from an electrocardiogram, CA’cn if con- 
fined to the limb leads. In those cases of combined Ti and Ts lesions, 
hoAAmA’'er, it aa'Us obserA'cd that the Ti type shoAved best in the mid- 
axillary leads, eA'en in the presence of a rather extensiA’e lesion gener- 
ally associated AAutli the Ts type of electrocardiogram. Since the limb 
leads shoAV the Tg change the best and the midaxillary shoAV the Ti 
best it should be a little easier to recognize these multiple infarctions 
AA'ith both the Ti and Tg types of lesions without the necessity of 
repeated tracings. 

When Barnes and 1 ~ stated that the electrocardiogram had a tend- 
ency to rcA’^eal the more recent, or more predominant, lesion it Avas 
not knoAvn at that time that the limb lead electrocardiogram regis- 
tered Tg changes in infarction more readily than Ti changes, and one 
must take this factor into consideration. With the addition of the 
midaxillaiw leads to bring out better the electrocardiographic changes 
of a Ti lesion, cA-en in the' presence of an associated Tg type of lesion, 
our statement may more frequently be found to be correct, as it noAV' 
may become a little easier to determine the more recent, or more pre- 
dominant, lesion as aa^cII as to recognize an old Ti type of lesion in the 
presence of a recent Tg type, or Auce A'Cisa. 

It .should not be assumed that the midaxillary leads are altered only 
by infarction. Like the limb leads the^' are altered also by digitalis, 
pericarditis, and strain Avorking predominantly on one A^entricle. Dis- 
cussion of the effects on the midaxillary leads of conditions other 
than infarction is resei-A-ed for a jiublication^^ that is to follow. In 
diseases of the heart other than infarction the midaxillarj’- leads, and 
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especially mid axillary Lead I, appear to act similarly to tlie limb 
leads, except tliat here again tbe midaxillary leads register changes 
in the T-wave in Lead I (chiefly inversion of the T) to a more marked 
degree, and the changes in the midaxillary leads appear to begin 
earlier and to last longer. This is especially true of the Ti or Ti and 
T2 inversion of predominant left ventrienlar strain ^Yhicll may be ob- 
served in hypertension, aortic stenosis, and aortie regurgitation. As 
might be anticipated, the midaxillary leads are ajiparently not quite 
as sensitive as the limb leads to llie and T3 inversion in predomi- 
nant right ventricular strain. 

There are some who object to the introdnetion of additional electro- 
cardiographic leads. No one can ignore the valuable contributions 
made to onr knowledge of the heart and its action in health and dis- 
ease, which have resnlled from a study of the three standard limb 
lead.s. It is hoped that they may continue to add to onr knowledge. 
But, after the monnmcjital work of Wol forth and Wood, wc cannot 
overlook the possibility that, for some purposes, additional lends may 
augment onr knowledge and that leads may be found which may 
depict more easily or mo)-e nccui-ately certain types of cardiac lesions. 
This paper has suggested timt the midaxillary Lead I may be of some 
additional help in the Tj type of infarction, which does not register 
as well as we would like in the limb leads. The paper to follow^^ sug- 
gests that the midaxillary Lead 1. is more sensitive and more easily 
changed in predominant left ventricular strain tlian is the correspond- 
ing limb lead, ft is lioped that others may become interested in 
research on this subject and that with greater facilities at their com- 
mand may be able to determine the true worth of the leads here sug- 
gested. Perhaps, in addition, leads which are still more sensitive than 
the ones described here, hut which will accnrately sliow Ti changes, 
will he found. 

CONCLUSIONS 

1. The electrocardiogram can be made somewhat moi’e sensitive to 
the Ti type of changes associated with infarction in the part of the heart 
usually supplied by the left coronary artery if Lead I is taken so that 
the current passes more directly throngli the heart rather than entirely 
above it, as in the standard Lead 1. Clinical trial of iinmerous lateral 
thoracic and arm-to-thorax leads showed the midaxillary leads to be the 
most satisfactory for this purpose. 

2. The normal waves in the midaxillary leads are similar to those of 
the limb leads and all deviations from the noianal appear to have the 
same significance as in the standard leads. 

3. Normal control patients were not found to show any abnormalities 
of the Trwaye or RS-T segment or Q except in midaxillary Lead III. 

. 4. In myocardial infarction, as a rule, the midaxillary leads are found 
to show Ti changes more readily tlian the eorresponding limb leads. 



722 


THE AMEHICAN HEART JOURKAE 


These changes in some cases wei‘e seen to come eai-lier, in most eases to 
show moi’C markedly, and in some eases to last longer in the midaxillaiy 
leads than in the limb leads. The T.-j type of infarction was i-ecorded 
better in the limb leads for the most part, althongh in some eases this 
was not true. 

5. In no case did inversion of Tj or T 2 or significant depression or 
elevation of the ES-Ti or RS-T 2 oeenr in tlie midaxillaiy leads unless 
there was definite reason to suspect cardiac damage. In no instance 
was inversion of the Ti in the limb leads not a.ssoeiated with equal or 
greater inversion of the Ti in the midaxillaiy leads, 

6. The amplitude of the waA’cs in the midaxillaiy Lead I generally 
is greater than in the standard Lead T. Tliis alone does not account for 
the midaxillaiy Lead I appearing to be more sensitive to Tj changes, 
as, for example, T-wave inversion was found in tins latter lead when in 
the standard limb lead the T was mei-ely diphasic or i.soelectric, or even 
upright (positive). 

7. In combined infarctions of the Ti and Ta types, the T.a type is, 
as a rule, recorded be.st in tlie limli leads, while the Ti generally is be.st 
sliovai in the midaxillaiy leads. It is possilile, then, to find electro- 
cardiographic evidence of both infarctions at one time. 
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USE OF TILE BARimr-FlLLED ESOPHAGUS IN THE X-BAY 
STUDY OP ABNORMALITIES OP THE HEART 
AND THE AORTA'^^ 

J. B. SCHWEDEL, M.D. 

New York, N. Y, 

T he use of the barium-tilled csopliagiis in the roentgen diagnosis of 
the heart and aorta lias attained sufficient vogue to make it ad- 
visable at the present time to consider its value and its limitations. 
Polloving the demonsi ration of tlie relalionsliip of the esophagus to 



Fis. 1.— Normal, heart in the right oblique position. The vertical course of the 
esophagus is indented by the aortic arch, 

enlargement of the left auricle,^ the barium-filled esophagus assumed a 
prominent role in the diagnosis of enlargement of that chamber. In 
the routine cardiac examination of all medical cases at the Montefiore 
Hospital extensive use is made of this important diagnostic aid. In the 
past four years there have been a number of instances in which the 

♦Prom the Radiographic Service of Dr. A. J. Bendlck, and the Medical Service of 
Dr. Li. Lichtwitz, Monteflore Hospital. 
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accepted criteria of posterior displacement of the esophagus in the 
riglit oblique view for the diagnosis of an enlarged left auricle have 
failed of confirmation. At post-morlcm examination no enlargement of 
this chamber could be demonstrated. 

This necessitated reexamination of the criteria for left auricular en- 
largement, and investigation into other causes for similar di.sj)lacement 
of the esophagus. A case observation" (iVr.C.), ])ubli.shed by myself and 
Dr. E. B. Gutman, offered a clue, subse(|ucntly corroborated by a large 
number of cases, that elongation of the aortic arch was resi)on.sible for 
most of the confusion. 



Fig. 2. — Left auricular enlargement rtisplacing esophagus posteriorly. Sjimo patient 

a.s in Fig. 3. 

In order to clarify the subject a bi’ief review of the anatomical rela- 
tionship is of sufficient importance to be presented here. The esophagus 
pursues a doAviiAvard course anterior to the bodies of the thoracic Amrte- 
brae .slightly to the left of the midline up to a point a few inches above 
the diaphragm where it deviates to the left to enter the abdomen. In 
its course it is compressed on its left side by the arch of the aorta to 
which it is attached bj'^ areolar and loo.se fibrous connective ti.ssue. Be- 
low the area of compression the e.sophagus lies behind the posterior 
surface of the left auricle and anterior to the aorta. In the normal 





Xoto the left auricular impression on the esophagus. It is compressed and 

displaced to the right. 


Fig. 4.-„The upper arrow shows compression to the right by the aortic arch, 
lower arrow Indicates deviation to the left in the postero-antei’ior position. 


Fig-. 5. — Barium dlsplacemcnUs similar to those In Fig. 4 . 



Fig, 6. — Though the left auricle definitely occupies the mid third of the retrocardiac 
space denoting left auricular enlargement (proved at autopsy), a space is observed 
between the left auricle and the esophagus. The length of the aortic arch pulled 
the esophagus sufficiently posteriorly that it no longer was in close relationship to 
the posterior surface of the heart. Same patient as In Pig. 5. 
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subject this s]iaee bet;ween the aorta and the left auricle measures but a 
few centimeters and tliis is occupied by the esophagus. 

In conditions ail'ceting the length of the aorta, such as is commonly 
seen in hypertension, arteriosclerosis, and aortic insufficiency, the esopha- 
gus, because of its attachment to the aorta, may be pulled posteriorly, 
increasing its distance from the posterior surface of the heart (left 
auricle). In aortic elongation, especially of the transverse portion of 
the arch, the eso]iliagus is ])ullcd not. only posteriorly but also to the 
left, so that it no longer lies anterioi* to the vertebral bodies but rather 
in the left costovertebral gutter. This traction to the left and 'poste- 



Fig. 7. — .Same p.atlent as in FIr-s. I and 9. Tlic maxkcd tortuosity of the elongated 

aorta is reflected by the appearance of the esopliagus witliin tlie heart .shadow. 

riorhj is a key to the use of the barium-filled esophagus in the differen- 
tial diagnosis of enlargement of the left auricle and the elongation of 
the aortic arch. 

Here it may be emphasized that displacement posteriorly and to the 
left does not occur in all cases of elongation of the aorta. It occurs 
only in those cases where elongation of the arch of the aorta is asso- 
ciated with adhesions, sufficient to displace the esophagus. These ad- 
hesions occur in over three-fourths of the adult post-mortem material, 
and they occur at and just below the area of aortic compression of the 
esophagus. 
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The examination of the Jieart consists of tlic iluoro.sco])ic ol«ervation 
of tiie conrso of a swallowed spoonful of barium j)aste in the postero- 
anterior, right oblicine, and left oblirpic jmsitions. Itadiographie films 
are useful for permanent record only. 

In the normal heart the course of the esoj)hagus is vertical (Fig. 1). 
The normal indentation of the ao)’ta is seen in the })ostero-anterior and 
right oblique positions. In the left oldiciuc view the indentation is 
generally le&s jirominenl. Below this indentation the course is vertical 
in all radiographic positions. 



Fig. 8. — Same patient a.s in Fig.s. 5 anA fi. Note po.'sterior deviation of the esophagu.s- 
clue to aclhe.sions ju.st belo-cv tlie aortic conipro.s-.'Jion. I.eft oblicjiio po.'Ation. 


Enlargement of the left auricle displaces the c.sopiiagus posteriorly, 
as seen in all degrees of rotation into the right oblique position. In 
the postero-anterior position the barium-filled e.sopliagn.s (Fig. 2) is 
either compressed or displaced to the right by the enlarged left auricle 
(Fig. 3), The coiirse of the esophagus below the aortic indentation 
remains vertical.^' 

•Rarely is there cli.splacetnent of the barium-fillecl e.'-opliagu.s to tlie left in the 
postero-anterior position. In .such cm^sc.s in the left obliriue po.sitlon, however, tlie 
posterior displacement doe.s not take place at the aortic, indentation of tlie barium- 
tilled esophagu.s. This rare group will be taken up in greater detail in .a subseciuent 
report and apparently involves ma.ss relationships between the right ventricle and 
both auricles. 
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With elongation of the transvei’sc portion of tlic aortic arch asso- 
ciated with adhesions, a harhnn-filled esoplragus will he pulled to the 
left in the postero-anterior view. Tliis traction takes place just below' 
the area of eoiniireasion of the aortic arch. Thus, w'hile the area of 
aortic compression of the eso]diagus is to the right the traction below' 
pnlls the esophagus to the left (Figs. 4, 5). The esojjhageal displaee- 
nient of an enlarged left auricle usually is at a somew’hat lower level. 

In the left oblique view the esophagus is pulled posteriorly below' the 
clearly visualised aortic ar(‘h belnre resuming its vei’tical course (Figs. 



Fie. 0.— Satne patient «s in Fiff.s. 1 amt 7. Posterior pulling- of the esophagus. 

S, 9), 111 the right oblique position the esophagus may be pulled pos- 
teriorly, simulat ing left auricular enlargement. Careful rotation in sev- 
eral dcgi-ees of right obliquity wuU disclose the cause of the esophageal 
deviation, especially wdieii in the iiostcro-anterior view' the deviation of 
the esophagus is to the left. The barium-filled esophagus may he draw'ii 
so far posteriorly as to leave a clear space hetw'een the esophagus and 
the left auricle (Fig. 6). In the right oblique view' the esophagus may 
sometimes. be seen w'ithin the licart shadow' and on occasion it may seem 
even to he drawn, anteriorly (Fig. 7), depending upon the degree of 
fluoroscopic rotation of the patient^s heart and the degree of tortuosity 
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of the aorta. In this gi’onp, tlie deviation of tlie eso])hagu.s, it must he 
emphasized that the esopliagus lies no longer in close relationship to the 
left auricle, hut is drawn in oven closer relationship 1o the descending 
thoracic aorta. 

The posterior displacement of the c.sophagns where there is deviation 
to the left in the postero-anterior position cannot ho maintained as a 
criterion of an enlarged left auricle. Enlargement of tlie left auricle 
in such instances must he .iudged by additional criteria such as a bulge 
into the middle third of tlie ret rocai-diac .space as seen in the right 
oblique position, the appcaiunce of the left auricle on tlie right border 
of the heart in the postero-anterior position, and the upward displace- 
ment of the left main bronchus as seen in the left oblifjue position. 

Differentiation, by means of the barium-filled e,sophagus, between 
the groups of elongation of the aorta and of enlargement of the left 
auricle is of importance, especially in the fluoroscopic diagnosis of in- 
dividuals in the forties and over. At itlontefiore Hospital where a large 
proportion of the patients are of this age group I would estimate that 
fully one-fourth have esophageal di.splaccmcnt to tlie left in the postero- 
anterior position. This group undoubtedly formed a large jiroportion 
of our errons in the estimation of the degree of enlargement of the left 
auricle. Since this differential method has come into use the percentage 
of error must he considerably less, 

SUMMARY 

1. Posterior di.splacement of tlie barium-filled csojihagus, as seen in 
the right oblique position, and its displacement to the right in the 
postero-anterior position are due to left auricular enlargement. 

2. Deviation of the esojihagus 1o the left below the area of aortic in- 
dentation in the jiostero-anlerior position, and poslerioi'ly in the left 
oblique position, is due 1o elongation of the transverse portion of the 
aortic arch. 

3. The use of the barium-filled esophagus serves to differentiate elonga- 
tion of the transverse portion of the aortic arch from left auricular en- 
largement. 

REFERENCES 

1. (a) Stoerck, Oskar; Zur Tj-pographie des Mediastinum bei normaler und bei 

pathologischer Herzform, Ztsclir. f. klin. Med. 69: .32, 1909-10. 

(b) Kovae.s, P., and Stoerck, O.: XJebcr das Verbalten des Oesopbagus bei 

Herzvergroe.sserung, Wien. klin. Wclin.=clir. 23: 1471, 1910. 

2. Eosler, H., and Weiss, K.; TJeber die Veraenderung des Oesopiiagusvcrlaufes 

dureli den vergroesserten linken A^orliof. Fortsch. a. d. Geb, d. Poentgenstralilen 

33: 717, 1925. 

3. Scbwedel, J. B., and Gutman, E. B.: Tlie Esophagus in Disease of the Heart 

and Aorta, Am. J. Eocntgenol. 34: 164, 1935. 



A I\IOB]JjE unit for. SniULTANEOUSLY RECORDING HEART 


SOUNDS, PULSE TRACING, AND ELECTROCARDIOGRAM^' 

K. tJociiiM, S. P. Gaddas, and H. jMarquis 
Chicago, Ilh 


F or the past five years ve have been recording lieart soimds and 
pnlse tracing siinnltaneoiisly, using several different methods and 
nnmerons experimental assemblies. For heart soimds we have used 
the Bintlioven metliod witli a string galvanometer, tlie AYiggers-Dean 



l''lg. 1. — The complete unit. A, Amplifier; B, enmera ; O, earphone with stethoscope 
attachment; D, crystal microphone; E, eloctrocarOiograph control box. 


capsule metliod with modirieations, and finally a method employing a 
microphone, vacuum tube amplifier, and recording galvanometer. The 
apparatus and technic liave been sufficient!}^ .standardized now to al- 
low tracings to be made routinely. We are reporting the present 
assembly which has the advantages of simplicity and compactness. 

The unit herein described was built around a Cambridge mobile elec- 
trocardiograph No. 3 (Pigs. 1 and 2). The apparatus has several advan- 
: (1) The eiitire unit is self-contained and mobile; (2) the cost 

U*>^'’eiovasculfir Laboratory, Department of Physiology.', and the Heart 
fetation. Michael Reese Hospital, Chicago. 
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of the heart sound and pulse tracing equipment is relatively low; (3) 
the unit is easy to use and has few adjustments ; and (4) it is accurate 
and gives consistent results. 

HEART SOUND EQUIPMENT 

Tlie appiuatus for recoivlijig the licarl, .soiimls consists of a inicroplione, a tlirce- 
stage amplifier, and a small galvanometer, Tlic amplifier na.s designed and built by 
one of us (11. M.), and, with the microphone and galvanometer, it was used clinically 
by Sacks, Marquis, and BlumenthaP jind Sacks and Marquis . 2 

The microphone is of the piezo electric crystal type, which was found to be most 
suitable because it is “light, j)ortable, inexpensive, does not .equire the use of any 
special transformer or batteries, and will operate in any position without any back- 
ground noise or hiss. “2 

The amxilificr is battery operated, and consists of two ty])e 1'.2 tubes in the first two 
stages and a type R:! in the power stage, all resistance-capacity coupled (Fig. R). 
The volume is controllerl by varying the grid bias of the second tub(!, and a fre- 



Fig. 2. — Close-up showing the heart .sound and pul.se tr.'icing- registration apparatus. 
A, Lamp hou.sing-, B, len.s tube; C, hou.sing for prism combination; D, segment cap.sule 
for pulse; E, small lens; P, lieart sound gniv.-inonietcr ; G, imlse cup; II, timer; I, 
.shutter ; J, camera .slot. 


quency-control potentiometer is connected across the outjnit of the power stage. Two 
output jacks are provided, one for connecting the galvanometer, and the otlier for 
connecting simultaneously a single earphone receiver with a stethoscope attaclied so 
that the operator may hear the sounds that are being recorded (Pig, 4). Before 
the last stage there is a band pass filter circuit which passes only the narrow Ijand 
between 50 and 70 cycles. This is for tlie imrpose of jacking up the low-pitched 
murmurs wliich may ordinarily escape notice. This filter may be cut in or out of 
the circuit bj- means of a switcli. Without the filter, the frequency range of resxjomse 
is approximately from 60 to 3,000 cycles.* It is extremely imx)ortant tliat the parts 
be exactly as specified, and so arranged as to avoid any stray coupling. Proper 
shielding is also essential. 

The galvanometer was obtained from the General Electric X-Ray Corporation; it 
is identical with the one used in tlieir Victor Electrocardiograpli. It consi.sts of a 
permanent magnet, in the field of which a small iron plate carrj-ing a small mirror 

‘The.se figures apply to the amplifier only. Tlie galvanometer ILself has a natural 
irequency of 200 c.p.s., %vhich, when the higher frequencies are recorded, causes some 
oi-storuon. Tlifs Is not significant for practical purposes. 
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is suspended by a metal ribbon. Two circular coils are so placed within the magnetic 
field that the audio fre<i[uenc.y currents fiowing through them from the amplifier 
change the magnetic field and cause the iron plate and mirror to oscillate. The 
movements of a l>eam of light reflected Ity tlii-s mirror are recorded photograpliically. 
Tlie mirror and plate are immersed in oil for diimping. 



** 

*.iV. 


Fi?^. 3. — .SchenmUe wiring dincrarn of the amplifier. 



1‘ig’. d . — Diagram of top of electrocardiograph table .‘^bowing arrangement of parts and 

paths taken by light beams. 


For audible amplification of the heart sounds we are using a separate auxiliary 
unit consisting of a power amplifier and loud speaker designed for operation from 
the 110 volt D.C. line. TJie amplifier consists of a tj-pe 70 tube driving two 4S’s in 
push-pull. 
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PULSE TRACING EQUIPMENT AND LIGHT SOURCE 

Optical registration of the pulfic is acconipliBlicJ by means of the usual Frank seg- 
ment capsule methoil. The diagram in Fig. 4 represents a top view of the mobile 
electrocardiograph table and shows the arrangement of tlie pulse-tracing and lieart- 
Hound apiiaratus mounted on it. Figure 2 is a photograph of the actual equipment. 
The light source for both the he.art-sound galvaTionicf<;r and the jnilse capsule con- 
sists of a ivlazda automobile headlight bulb No. .lUK), ?,2 c.p. It consumes 4 ampen^s 
at 8 volts, and it is operated directly from the 310 volt D.C. line with a 25 ohm, 4.5 
ampere capacity resistance in series. The lamp is enclosed in a small, cylindricjd 
liousing having a short lens tube projecting from the front. Sliding over the lens 
tube is a second tube carrying a lens having a focal length of 2 inches tind .a diameter 
of 1 inch. Within the lens tul)e at the point where it joins the lamp housing, there is 
mounted a single, fixed, vertical slit apj)roximately 1 mm, wide-. The liglit bulb is 
turned with its socket so that the two j)aralle3 spinil fihimonts are in ,a line at riglit 
angles to the optical axis. This causes two narrow bciims of light, almost parallel, 
to emerge from the center of the lens about 2 mm. aj^art. The unit immediately 



Fig-. 5. — SImulUineous carotid pulse, Car. P., heart sounds, H. S., and electrocardio- 
gram, L. I. 

in front of the lens consists of a doubly reflecting combination of prisms taken from 
a colorimeter. The t\s'o beams of light enter the center of the prism combination and 
emerge from the front, one on each side, about 2 inches apart and parallel with the 
original paths. 

One beam falls on the galvanometer mirror and is reflected onto the camera slit. 
The lens on the lamp housing is moved back and forth until this reflected beam pro- 
duces, at the camera, a sharp image of the vertical slit. The small galvanometer 
(as -n-ell as the pulse tracing capsule) has two screws for adjusting the vertical and 
horizontal position of the beam. 

The other beam falls on the mirror of the segment capsule, but in order that this 
reflected beam may be sharply focused on the camera without disturbing the focus 
of the first beam, it is necessary to introduce another lens in the path of the beam 
before it strikes the mirror on the capsule. This lens is % inch in diameter and has 
a focal length of 7 inches. By means of two small rods and clamps it is fastened 
to the stand which supports the capsule; its distance from the capsule is adjusted 
until the reflected beam is also sharply focused on the camera (aijproximately % 
inch). 
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The capsule is connected by n short piece of rubber tubing to a metal cnji %vhich is 
placed in the usual wav over the blood vessel from which the pulse tracing is to be 
made. The membrane on the capsule is made of dentjil dam or even thinner rubber, 
depending on the amplitude desired on the tracing. Tlie small mirror is cut from 
a silvered cover slip O.OOG inch thick and fa-'^tened to the membrane with a drop of 
rubber cement.^r 

Immediately in front of tlie timer is an adjustable metal shutter which may be set 
to block off the electrocardiographic light from half the field, so that the heart sounds 
and pnlse tracing appear on the record as black lines on a jniro while background. 
The lower half of the record containing the electrocardiogram has the usual gray 
background with white time lines (Fig. i>). 

There are live units comprising the sound and pulse equipment: the lamp, the 
]»rism, the galvanometer, the segment capsule, and the amplifier. Each one is 
mounted on wedge-shaped dovetail base whicli fits into a corresponding female jiart 
on the table and is held in place by an automatic spring lock. Thus cacli iiuit may 
be easily rom o%'ed from the electrocardiograph table and quickly put back into its 
exact working position. The positions of the two lenses and the prism may be ad- 
justed once and clamped firmly so that no further ail just meiit is necessaiy. The 
wedge-shaped mounting blocks, the prism housing, and tlie segment capsule and its 
carriage are all made of an aUiminum alloy, ST-17, which is light, strong, easily 
machined, retains a bright fini.sh without plating, and is aliont half as expensive as 
nnplatcd bras.s. 

SUMMARY 

A ,sinii)lc, compact assembly is described for i-ecordinj' Iieart sounds 
and pulse tracings .simullaneously tvilb the electrocardiogram. 

IVe are indebted to 33r. Louis IST. Katz for his iutercst and guidance in develop- 
ing the method. 
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PRIMARY FIBROSARCOIMA OP THE IlEART^ 

R. S. PiDLER, M.D., R. W. Kissane, M.D., and R. A, Kooxs, M.D. 

Columbus, Ohio 

I N 1918, Perlstein/ after a search of the literature on the subject, 
found thirty cases of primary sarcoma of the heart and added one 
case, hut of these only three eases were classified as fibrosarcoma. In 
1932 Popp® reported an additional case of fibroblastic sarcoma, but ex- 
amination of Lymburner’s collection® of 230 cases of primary tumors 
of the heart, .57 of which were sarcomas, failed to reveal additional 
cases of fibrosarcoma. 


REPORT OK CASK 

Baby M. B. born Ocf. 10, tJio twelftli chib] in tlic family; all tlio otlior 

cbidren were living and well and had no anatomical defect.s. The family history was 
negative. Tlii-s boy was boni with ti comiiiete harelip and cleft ])alate and at 
the age of throe months a bilateral inguinal hernia appeared. On March .0, 19H4, 
the boy was admitted to the hospital on the service of Dr. Hugh Beatty, for repair 
of the facial defect. The physical examination on admission revealed a right opening 
into the oral piiarjmx, a defect in the right incisura region, .and a complete liarelip. 
The faucial and pharyngeal tonsils were not visible. The eyes, ears, neck, heart, 
and lungs presented no demonstrable abnormality, and there were no adenopathies. 
Roentgenographic examination showed no abnormal increase in the thymus shadow; 
the lungs were completely expanded, the trachea was normal in course and outline, and 
the heart normal, with no visible shadows suggestive of a tumor. The temperature 
was normal, pulse regular, rate 100, and the body weight was 12 pounds and 7 
ounces. The blood count showed 80 per cent of hemoglobin, 4,240,000 eryfliroc%'tes, 
19,250 leucocytes, witli 34 per cent of polymorphonuclear cells and 00 per cent of 
lymphocytes. The IVassormann and Kahn reactions were negative; the coagulation 
and the bleeding time and the urine were normal. Cultures of the nose and throat 
showed no pathogenic organisms. 

On March 10, 1934, a Brophy bone operation was done, in wliicli some approxima- 
tion of the cleft palate borders was obtained with difficultj' because of a large 
amount of calcification of the .superior maxillae. On March 29, 1934, the wires 
were tightened and on May 9, 1934, complete approximation of the cleft jjalate was 
obtained. These operations were performed under oxygen-ether anesthesia, and no 
untoward reaction occurred. On July 12, 1934, the cleft in the upper lip was closed 
under oxygen-ether anesthesia, but the child reacted badly to this anesthesia during 
the entire operation, and the respirations were .shallow, jerk}- and arrliji;hmic. The 
pulse at tlie close of the operation was 170, and the temperature 108° P., while im- 
mediately before tlie operation the temperature had been normal. The child died 
twelve hours after operation. 

CoiiSbus Caraiological Departments of Wliite Cross Hospital, 
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Antopsij . — The body was that of a well-developed male white baby, nine months 
of age, measuring 2S inches in length. The eyes were brown; the hair was light 
and thin. The .iaw.s were Armly closed by rigor mortis, and the right side of the 
upper lip liad been recently’ repaired in the process of closure of a harelip. The 
head was slightly larger than normal, but the contour remained regular and was not 
of sufficient size to classify as hydrocephalic. Tlie posterior fontanel was com- 
pletely closed, while the anterior fontanel Avas large, depressed and calcified only 
about the margin. There was a marked post-mortem lividity, but no special marks 
of identification. 

Thoracic Cavity: The thymus was not enlarged, being instead somewhat small 
for a child of this ago, and upon removal weighed 9 gm. Both lungs were free, and 
there was no increase in pleural fluid. The right lung was crepitant but deeply con- 



Fip. 1. — TliC lionrt at autopsy, .showinp tlie don.se circumscribed tumor occupying 
the interventricular septum at the apex, with marginal invasion into the myocardium 
oC the left ventricle. 


gested throughout, and in the lower lobe there was what appeared to be an early 
bronchial pneumonia with a few ijetechiae over the anterior pleural surface. The left 
lung was similar, and the trachea and bronchi were free and open. The pericardial 
.sac Avas smooth and glistening and contained the usual amount of clear fluid. The 
heart and great A-essels AA'ore in the normal position, but the heart Avas elongated, 
and the apical portion had a peculiar AA-hitish color. The heart weighed 4G gm. and 
the longitudinal diameter on the anterior surface aaus 5.5 cm. from the atrial-ventricu- 
lar grooA’e to the apex. The right A'entricle appeared to be someAvhat small and 
measured 25 b}' 22 mm., and the pulmonary and tricuspid A'ah'es were normal, the 
pulmonary measuring 25 mm. and the tricuspid 45 mm. in circumference, AA’hile the 
myocardium Avas of the usual tliickness. The left A’outricular cavity measured 40 
by 25 mm.; the mitral and aortic A'ah’C.s Avero normal, the mitral A’alve measur- 
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ing 38 mm. and the aoiTic 30 mm. in cimimfcrcnce. Tlic foramen ovale was closed, 
and the ductus arteriosus was obliterated. In. the ai)ex of tlie heart, occupying 
the position of the interventricular .septum and e.xtcnding info the myocardium of the 
left ventricle, was a hard whitish mass. This tumor was dense, well circumscribed, 
measured 22 by 20 mm. and was overlaid by a thin layer of normal myocardium 
(Fig. 1). The cut surface of the tumor revealed tine interlacing bundles of fibrous 
tissue without degeneration. No other tumors were found and the coronary arteries 
were normal. The peritracheal and peribronchial nodes as well as those within the 
arch of the aorta were moderately hyperplastic. 

Abdominal Cavity: The peritoneum, liver, gallbladder, pancreas, spleen, stomach, 
adrenal glands, and urinary bladder were normal. The mucosa of the duodenum 



Eiff- 2. — Low power photomicrogrrapli showing the marginal invasion of the tumor 
into the myocardium of the left ventricle and the closely packed fibroblastic cells 
arranged in broad irregular bundles toward the center of the tumor. 

and ileum was studded with small closely set elevations which had the appearance 
of multiple areas of lymphoid hyperplasia, while the rest of the intestinal tract was 
normal. The mesenteric lymph nodes were diffusely enlarged and congested; the 
largest measured 12 by 7 mm. There was a dilatation of the right and left ureter.?, 
averaging 4 mm. in diameter, and also a dilatation of the right and left pelves but 
the Mdneys were normal. 

Cranial Cavity: The brain and coverings were normal. 

AGcroscopic Examination: There was marked congestion and edema in both 
lungs but no evidence of pneumonia. There was a marked hyperplasia of the 
lymphoid tissue of the duodenum in the submucosal layer with displacement out- 




PIDLER ET AL, 


PRIMAEY PIBROSARCOI\rA OP HEART 


739 


ward and erosion of the overhins; mncosa. The spleen and kidneys were moderately 
congested. The niesenterie lymph node.s showed a marked hyperplasia and conges- 
tion almo.st to the point of hemorrhage. 

The tumor in the heart was of a poorly circumscribed tibrous type whicli invaded 
and replaced the myocardium at the tumor margin (Fig. 2). Sections stained with 
heraatoxylin-cosin, van Gieson. acid fiichsin, jilio-sphotungstic aeid-hematoxylin re- 
vealed the colls closely packed and of the fibroblastic type, while the cell margins 
wore distinguished with dillicuity and the cell nucleus was prominent and elongated. 
Thc.se cells formed broad bundles having a .flight tendency to follow the few blood 
vc.ssels present, but ehietly they were arranged .so that longitudinal, cross and oblique 
.sections appeared (Fig- -'O. The intracellular .stroma was not abundant. The 



Figr. 3. — High power pliotomicrograpli of the marginal portion of the tumor showing 
elongated nuclei of the fibroblastic type with the cell margins indistinct 

ro.st of the myocardium of the ventricles and auricles was normal, but in the inter- 
ventricular septum immediately above the tumor there was a fibrosing i)rocess similar 
to that of the tumor l)ut producing fibrous tissue of a more adult type. 

Diagnosis: Primary fibrosarcoma of the heart. Generalized lymphoid hyperplasia 
with exception of the thymus. Congestion and edema of the lungs. Hydronejfiirosis. 
Recently repaired harelip and cleft palate. 

COSEMENT 

Tills localized, fairly circranscribed fibrous tumor originating- in tlie 
myocardium, probably from tlie perimesial tissue, growing 
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ing by marginal invasion and conversion of the surrounding myocardial 
cells, and replacing these cells Avitli young fibrous connective tissue cells 
and later by adult filirous tissue, is considered by us and others® as a 
fibrosarcoma. 

The case reported by Eriehson'* was in a male tliirty-six years old, 
and the fibrosarcoma was in the left auricle. That of Juergen® was in a 
male thirty-six years old, with a fibrosarcoma in the riglit auricle. That 
of Kaw® was in a female forty-three years old, with the fibrosarcoma in 
the right auricle, and that of Popp" Avas in a male thirty-three years old, 
with the fibrosarcoma in the lught auricle. The case herein reported is 
exceptional because the fibrosarcoma Avas located and confined to the 
ventricle and appeared in a male only nine months old. It is also 
unique because the primary sarcomas are not considered to be a.ssociated 
AAUth developmental defects as are the rabdomyomas, Avhereas associated 
AA’ith this tumor Avere a harelip, cleft palate, and double inguinal hei-nia. 
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ACUTE COKONAllT THROMBOSIS ANj:) MYOCARDTAU 
INFARCTTON AFFECTING A PATIENT 
THIRTY-ONE YEARS OF AGB"^ 

Harry L. Smith, and H. Corwin* IIin.siiaw, IVI.B. 

Rocukster, jMikn. 

W E HAYE been accustomed to Hunk of acute coronary occlusion 
with myocardial infarction as jnainly affecting individuals past 
forty years of age, and certainly in tlic ma.iorily of instances this 
impression is correct. The number of patients less than torty years 
of age who liavc died of acute eoronaiy occlusion, which was jn’ovcd 
by necroj^sy, is relatively small. Up to 11112, twenty ju’ovcd cases and 
ten (picstionable cases had been reported in the literatiu'e. P»cfore the 
cbaracteristic elect roeardiograj)bic findings of acute myocardial infarc- 
tion were well understood, it was difilcnlt to be absolnbdy sure of the 
clinical diagno.sis of acute coronary occlusion. Y^itb the advent of this 
electrocardiographic knowledge, the diagnosis of acute coronary oc- 
clusion and myocardial infarction can be made with lugher degrees 
of eortainty. Before wo liad the aid of the elect rocai*diogj‘aplu tlie 
diairnosis of acute coronarv occhision wliieh atTeeted voung individuals 
had to be made witii considerable reservations, but with its aid the 
diagnosis can now be detinitely established without neeropsy. Because 
of the extreme rarity of acute eorojiary occlusion among individuals 
who are in their early tliirlics, we are reporting a case in which the 
patient was thirty-one years of age. 


RECORT OF CASE 

\Ylicn twenty-six yc.'ir.s of nge ( Ui.'U) tlic ]»:itiont. lijul 1)ccn refused a life insurance 
jjolicy because of liypertensiou. During tlie .sue.ecediug five yc:ir.s the blood pres.surc 
liad been tahen, and urinaly.sis had Iteen perfonned every few montlis l>y his home 
physician. The value for the systolic blood i>resaure hud varied from 140 to 200 mm. 
of mercury. Albumin laid been constantly present in the urine for three years before 
he came to the clinic. Subjectively, he Imd romaiuod wcdl until Augu-st, lO.lG, at 
which time he was thirty-one yeans and nine months of age. 

In August, 10.30, lie had liegun to note retrosternal distre.ss after unusual exertion, 
llo.st had afforded prompt relief. The symptom had progre.ssod rapidly and liad 
become associated with a numb feeling in the loft arm, and, later, in both arms. 
Within a month he could not walk a single block without anginal pain. By October, 
10.^0, even the exertion of dressing would produce the characteristic distress. AVhen 
we first saw liim, in November, 10.30, he said that it took an hour and a half to dross 
and that he could walk only at the slowest jiace, with frequent rests. He had severe, 
even violent, retrosternal pain. The jiaiu was associated with numbness in both arms, 
nhich was maximal in the left anterior cubital fossa. Complete rest caused relief 

•From the .Section on Cardiologry and the Divtsion of Jledicine of the Mayo Clinia 

741 



742 


THE AMERICAN HEART JOURNAL 


ivitliin a few seconds or minutes. At one time lie had had a pain that had been a 
great deal more severe than any other pain lie had ever experienced, but this pain 
had not lasted longer than fifteen or tiventy minutes and it had not been accompanied 
by shock or other symptoms wliieh are usually associated with myocardial infarction. 
His tolerance for exercise had been decreased after this severe attack of pain, and 
each week thereafter he had seen a definite progression of the symptoms. 

Pliysical examination revealed a well-looking young man who was very intelligent 
and cooperative. The ■ralue for the systolic blood pressure varied between 100 and 
180 mm. of mercury. Ifo other objective evidence of organic disease was defected 
by physical examination. Funduscopie examination showed a moderate degree of 
generalized narrowing of the retinal arteries without evident sclerosis or retinitis. 
Roentgenological examination of the thorax revealed a heart shadow that was well 
witliin normal limits. The urine contained moderate amounts of albumin (grade 2), 
and one specimen contained a few erythrocytes. An electrocardiogram, which was 
taken in September, a few days after the most severe attack of pain, showed an 
inversion of the T-wave and a change of contour of the S-T segment in Lead I, an 
exaggeration of the T-wavc in Lead III, a positive T-wave in I>ead TV (Wolferth), 
and an absence of the Q-wave in Lead TV. In view of these findings and the fact 
that an electrocardiogram taken about two months later revealed an essentially 
normal tracing, we have almost positive proof that the patient had an acute coronarj- 
occlusion with myocardial infarction. 

COM5IENT 

This patient is of interest because he is only thirty-one year.s of age. 
He recovered from his acute myocardial infarction, but following the 
infarction a very severe progressive angina pectoi-is developed. Be- 
cause of this, we believe the prognosis is very bad. 
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Jolinson, J, Raymond, and Wiggcrs, Carl J,: Tlic Alleged Validity of Coronary 
Sinus Outflow as a Criterion of Coronary Reactions. Aiu. Physiol. 118: 
?iS, 10?.7. 

Bv recording the vidociiy of euronary siinis thnv, rettnned .at once to the siipcrinr 
vena c.ava, and hy calculating tlotv per Itcat atui {K!r niintttc, it wa.s found that : 
1, the Coronary {-'intiS liornudly euipttc.v info tiu* atrium nulv during sy.‘?to]c; 2. iu- 
crc.'istng the right ventricular pressure by coinpre.'^sion ol th<; pulmonary artery the 
heart rate and aortic pressures remaining the sasnc; — “c;tui*os tt pro[i(U'tioniil atigmenlti* 
tion of coronary sinus flow: tt. the increase in minute flow following only slight 
elevation of synloTic right ventricular pressure is of the same order of magnitude as 
that frequently reported from slimtdation of cardiac nerve.'? or actioim of drugs. 

A theory 1.'’ {'resented and supported by experiments that the division of t'orojiary 
return flow hotw<a;n coronary simus :,nd thebesian veins is dctermitu'il not only by 
the uxtatomical resistance of these resjtective paths, but l>y the height, to whieli right 
ventricular pressure rises during each sy.«fole. This accounts for tlie {ueportionnlly 
larger floxv from the coronary sinus in normally beating hearts and the greater 
drainage by thebesian vessels in dead hear(.«. It jmoves that a greater coronary sinus 
flow can occur through seeoiulnry increasa* in light ventricular pre.s.sure alone. 

The conclusion is reached that inferences regarding v.'i.somofor actions in the 
coronary system based on alteralion.s in coronary sinus fudflow «;!inno( be .accepted 
u.s crucial unless it is domonstr.ated that, right venljicidar systolic, pre.ssure remained 
unchanged. 

AuTjtor.. 


Moore, Robert M., and Greenberg, Max M.; Acid Production in the Functioning 
Heart Under Conditions of Lschcniia and of Conge.stion. Axn. .1, Phv.^iol. 118: 
217, 1937. 


Both coronary arterial tninhs were ligated in jincsthetixcd cats. The heart be- 
came pale, and after a few minutes there, were reflex .signs of a stimulation of 
pain elements. In many experiments vcntrieular flbrillation ensued. In evesw case 
the ventricles became widely dilated within ten minutes after ligation of the arteries. 
After a period of i.schemia vjirying from three to nine miimte.s, a samjflc of bloorl 
was taken from a coronary vein and a control sanqile from the vena cava. The 
coronary' venoms blood .showed a marked lowering of pH. wluueas its lactic, aeid con- 
tent was increased greatly. The actual fall in pH, us indicated by comparison with 
Idoofl from the vena cava, varied from 0.22 to O.Sl. It exceeded 0.50 in nine of 
eigitecn eats. In throe animals the pH of the coronary blood fell below G.C, and in 
one ammal it reached G.IO. These pH values, we believe the lowest ever reported for 
b ood from the bvmg animal, illustrate how rapidly acid metabolites accumulate when 
unctionmg: tissues are isolated from the arterial circulation. 
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Identiciil experiments were performed in)Oii five dogs with results similar to tliosc 
obtained in the cat. 

In a separate series of cats all the major cardiac veins were ligated to produce 
venous congestion. Although the heart became markedly congested and its surface 
"wept” from transudation, the lowering of the pH of the coronary venous blood 
was so slight as to be questionable, and there was only a small change in the lactic 
acid content. After twenty or thirty minutes of congestion the heart continued to 
perform its function in an apparently normal manner. 

Under the conditions of the experiments the lowering of the pll of the coronary 
venous blood to 6.(5 or below after a few minutes of ischemia indicates a much 
greater acid change in the cardiac muscle. The significance of this chemical iiltcra- 
tion is discussed with reference to the occurrence of pain in ischemic lesions of the 
heart and of the extremities. Tn view of the sensitivity of pain endings to acid 
(:^^oore, ;Moorc, and Singleton, IHIM), it is concluded that in such clinical cases the 
accumulation of acid metabolites in the area devoid of arterial circulation can well 
be of a magnitude to account for the pain. 

Author. 

Shipley, R. A., Shipley Louise J., and Wcarn, Joseph T.; The Capillary Supply 
in Normal and Hypertrophied Hearts of Rabbits. J. Exper. Med. 65: 20, 
1037. 

During normal growth of the rabbit heart, muscle fibers enlarge, and the capillaries 
multiply so that a relatively constant capillary supply per unit of tissue is maintained 
from the time of birth to maturity. 

In cardiac hypertrophy the mu.scle fibers enlarge, but the capillaries do not 
multiply, and, as a lesult, the capillary supply per unit of ti.ssue is reduced. 

The decreased concentration of capilhiries in the hypertrophied heart would con- 
stitute an impediment to the adequate exchange of metabolic substance.s, but the 
seriousness of the impediment cannot be estimated without further physiological 
data. 

Author. 

Marcu, J.: The Genesis of Embryonic Heart Action on the Basis of a Hydraulic 
Tube Phenomenon. Klin. Wchnschr. 15; 600, 1936. 

The author noted th.at, when a continuous stream passes through an elastic rubber 
membrane, it becomes converted into an intermittent stream. He attributes the 
beating of the embryonic heart to a similar phenomenon. 

L. N. K. 

Schoedel, W.: Action of Vasodilator Substances on the Work and Blood Flow 
of Active Skeletal Muscles. P/liigers Arch. f. d. gcs. Physiol. 237: 190, 1936. 

The author found that vasodilators, like histamine, acetylcholine, adenosine, and 
muscle adenylic acid, did not improve muscle contraction. 

L. N. K. 


Paschkis, K.: Anemia and Anoxemia of the Heart Muscle — An Experimental In- 
vestigation of Angina Pectoris. Wien. Arch. f. inn. Med. 28: 447, 193(5. 

In rabbits small doses of adrenalin cause no electrocardiographic changes. Tlie 
same doses cause changes in the T-wave, hower'cr, if the animal is made anemic. 
The adrenalin by increasing O, mctal)ol5sm of the heart summates with anemia to 
cause anoxemia in the heart muscle. 


L. N. K. 
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Halbsgut, A.: Action of Extracts of Bulbias Scillae and Scillaren on the Con- 
duction System and Refractory Phase of the Frog’s Heart. Klin. Wclinschr. 15: 

, ..120, 1036. 

The author finds tlvat the lieart rafe and conduction rate are slowed, systole is 
longthoncd, and the refractory phase i.s lengthened. The heart eventually goes into a 
svstolie standstill. 

L. K. K. 


Wood, Francis Clark, and Wolferth, Charles Christian: The Tolerance of Certain 

Cardiac Patients for Various Rccurahent Positions (Trepopnea). Am. ,T. hi. 

«c. 193: 35-1, 1937. 

Certain cardiac patients wlio are able to lie comfortably in one recumbent posi- 
tion cannot tolerate another. 

They nsiially prefer the right side and dislike the left, but there .‘ire many v;iria- 
tions. 

llyspnea and preeordial discomfort at<‘ the most common symptoms which are 
experienced in one horiKontal position and relieve<l on the assumption of another. 
Cough and anginal ])ain are less relieveil by assuming another. Congli and anginal 
jniin are loss frcipient. Fatigue, dizziness, and piiljiitation are also described. These 
arc the same symptoms wliich lead an ortliopncic jiatient to sit nj). 

Patients with tliis syndrome usually show considerable cardiac enlargement and 
definite reduction in cardiac functional capacity. Tlic symptoms nmy change in 
intensity as the clinical condition of the p:itient changes. There is no apparent cor- 
relation between the jiosition the patient jirefers siiul tiny known ctirdiovascular 
characteristic, such tis type of lesion, type of failure, or shtipo of hetirt. 

Observation of patients in their unfavorable recumlieut positions shows that (heir 
eonijdaint of dy.spnea is jirolialdy subjective phenomenon, a sense of suffocation, 
which may or nmy not. he accompjinicd by obvious incrctise in rate or depth of breatli- 
ing. This is also true of orthopnea. 

Roenfgcnologictil study .shows tlrnt the heart mtiy move considerably as a patient 
changes from one .side to the other; Hint (he intensity of .symptoms is not propor- 
tional to the distance the heart moves; that the sha])c of the heart and aortic arch 
may change markedly as the .subject clmngcs position; and that, with the patient m 
lateral decubitus, the heart is lifted during each inspiration, .sometime.s a distance 
of several centimeters. 

The vital capacity does not tend to be greater in (lie most favoniblc recumbent 
po.sition than in (he most nnfavor.'iblo one. 

Patients in whom this phenomenon is marked do not a.ssumc tlieir most unfavorable 
position, at night, even when jisleep. Those in whom it is loss well developed are some- 
limes found in an unfavorable recumbent position during sleep, although they may 
deny that they can tolerate this i)osition. 

Observations of the pulse, the arterial pressure, the cervical veins, and the heart 
sounds have not as yet been productive of helpful information. 

Electrocardiographic Ir.'icings have failed to show a change in an unfavorable 
position which can be attributed confidently to a change in cardiac action. 

. One subject without heart di.seaso or i)refcrence for any particular recumbent posi- 
tion showed a lower cardi.'ic output when lying on the left side than on the right. 

Change of position of the heart with distortion of the lai'gc vascular channels in 
the mediastinum is suggested .as a possible cause for (his phenomenon. The venous 
return from the lungs . might readily be obstructed by this mechanism. 

These observations may help to explain the mechanism of iwoduciion of orthopnea 
and paroxysmal noctur.al dyspnea. 
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This phenomenon has been named ^'trcpopnca” 
though it docs not express the concept adequately. 


for the sake of brevity, even 
A-DTHOFv. 


Sampson, John J.: Study of Depth Temperatures in Artificial Fevers and Cooling 

Air Chambers With Especial Ecference to Cooling Effect of the Circulating 

Blood. Am. J. Physiol. 117: 708, 1036. 

Temperature determinations of skin surfaces, deep skin, subevrtancous tissue, 
muscles, and blood in the prceubital veins were made on normal individuals and on 
normally afebrile patients undergoing artificial fever treatments. .Such observations 
were made under normal circumstance.**, at various stages of tlie fever production, by 
(1) intravenous vaccine, (2) the “blanket pack” method alone, and (3) the 
“blanket pack” xucceded by heating in an electric light cabinet. Observations -vvcrc 
ma.de likewise on such individutils during cooling by surface sponging and by in- 
spiration of iced air. Individuals with normal temperature were likewise studied 
under the influence of cooled air inhalation. 

The recognized gradients between the deep tissue and surface skin were observed 
with the exception that occasionally the skin was warmer than the subcutaneous tissue 
under normal circumstances. This jihcnomcnon generally occurred during artificial 
fever with the “blanket pack” method. The behavior of the intravenous blood tem- 
perature under various circumstances leads to the conclusion that the blood may serve 
as an important cooling agent to the general body tissue.s, losing more heat in the 
respiratory tract than has been believed heretofore. 

AiJTiion. 

Goldsmith, Grace: Cardiac Output in Polycythaemia Vera. Arch. Int. lifed. 58: 

1041, 1936. 

Determinations of the cardiac output and detailed studies of the blood have 
been carried out over a period of eight months in a case of polycythemia vera. The 
cardiac output, which was elevated considerably above normal prior to the institution 
of treatment, decreased as certain hematologic values approached normal. The in- 
crease in the basal metabolic rate in this case does not entirely explain the increased 
cardiac output. It is suggested that the increased volume of blood may be a factor 
in this regard. Another factor may be the decreased percentage of plasma per unit 
of blood, causing a deficiency in the transportation of nutrient substances to the 
tissue. The cardiac output in three additional cases of polycythemia vera is re- 
ported; in two the findings were within normal limits; and in one there was a slight 
elevation of the output. Two of these patients were followed during treatment, and 
it was observed that the cardiac output tended to decrease as the blood picture ap- 
proached normal. 

Aurnor.. 

Spink, Wesley W.: Pathogenesis of Erythema Nodosum, With Special Eeference 

to Tuberculosis, Streptococcic Infection, and Eheumatic Fever. Arch. Int. 

Med. 59: 65, 1937. 

Ten patients with erythema nodosum were critically studied. 

No evidence of tuberculosis was present, except in one patient. 

The following data indicate a causal relationship between Str. ItemoJyticiis and 
erj'thema nodosum: In five of the ten patients a sore throat preceded erj-thema 
nodosum, and cultures in four cases revealed Str. hemolyticus of the beta type; in- 
tradermal injection of a streptococcus endotoxin (nucleoprotein) produced nodules 
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siniil.av to tlie lesions of eryllunna no^losnm in eight of the ten patients; excised 
streptococcic nodules and the lesions of erWhcina nodosum revealed the same his- 
tologic appearance; similar lesions nerc produced by the injection of broth filtrates 
of streptococci isolated from two of the patients, d'he same picture has been pro- 
duced by the, injection of tuberculin. 

An analysis of the records of l.'l.'l jiatients treated for erythema nodosum at the 
Boston t''ity Hospital from to Ih-M revealed a similar causal relationship to 

streptococcic infections andj in addition, to rheumatic fever. 

A general review of the literature is presented. 

Erytliema nodosum a|>pears to be a nonspecific inllamnmtory rotiction of the skin 
to a variety of baolorial, toxic, and chemical agents. 

Author. 


Coburn, Alvnii T., and Moore, Lucile V.: Experimental Induction of Erjd:hema 

Nodosum. .1. Clin. Investigation 15: -jOn, IHilO. 

The intracut ancons injection of the ajipropriato tintigen in a patient with sul)- 
siding erythema nodosum is regularly followed by an intense intlammatory reaction 
at the site of injection. 

The dovelojnnenf of this local reaction was followed in half of tlie subjects tested 
hy a recrude.'ceruat of erythema nodosum in the areas recently tiffoctod. 

The etipaeity of (he involved e.xtromities to develop erythema nodosum persisted 
for only a few weeks. 

A jms.sible relation between the induction of erytliema nodosum and an antigen- 
antibody reaction is discussed. 

AUTHOR. 

Gib.son, John G., and Evan.s, William A., Jr.: Clinical Studies of the Blood Vol- 
ume: I. Clinical Application of a Blethod Employing the Blue Azo Dye “Evans 

Bine” and. the Spectrophotometer. .T. Clin. Investigation 16: 301, 1037. 

The ajiplication of a methotl for determining the plasma and total blood volume 
employing the blue dye, Evans blue, and the spectropliotometer to the investigation 
of clinical prol>lems is described. 

Colorimetric errons inherent in earlier melhoils due to turbidity of jdasma, lipomia^ 
residual dye in repeated determinations, and hemolysis of samples are minimized 
by the use of the si»cctroplfotometer, and a speetropliotometric method of correcting 
for hemolysis is described. 

Errors due to variations in dye mixing time occurring in dilTerent clinical states, 
and possible dilution of injected dye by lymph are eliminated by calculating the 
plasma vohime from a value obtained by extrapolation of the slope or disappear- 
ance of the dye from the l.>lood stream, tis determined by mnltiple samples taken over 
.a period of at least thirty ininutcs after dye injection, to the time of injection. 

By the “direct'- method of repeated single detormhiations, volume changes of 
clinical significance in the same individual can be reliablj' measured at frequent 
intervals. By the “indirect method" changes in volume can be continuously fol- 
lowed for periods of from a few minutes to several hours. 

Certain factors atfecting the accuracy of the indirect method are di.scussed. A 
physiological response to serial blood sampling, consisting of , a transient and variable 
decrease in the circulating plasma ami red cell vohime, renders accurate estimation 
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of the rate of disappearance of dye from tlic blood stream difficult. 33xpcrimental 
procedures may alter the intrinsic color of the scrum and rate of dye disappearance. 

Autiiok. 

Gibson, John G., and Evans, William A., Jr.: Clinical Studies of the Blood Vol- 
ume: II. The Eelation of Plasma and Total Blood Volume to Venous Pressure, 
Blood Velocity Bate, Physical Measurements, Age and Sex in 90 Normal Hu- 
mans. J. Clin. Investigation 16: 317, 1937. 

Plasma and total blood volumes, venous pressures, and blood velocity rates were 
determined in 49 normal males and 41 normal females. 

No relationship exists in normal persons between variations in total blood volume, 
venous pressure, and blood velocity rate. 

The total blood volume of normal males is greater than that of females, the 
difference being due to the greater red cell volume of males. The absolute red cell 
volume of females is less than that of males by a niucli greater degree than indicated 
by differences in red cell counts and hematocrit values. 

With increasing ago there is a decline in the blood volume comparable to decreases 
in basal metabolic rates and vital capacities. 

In comparison to average values, the absolute total blood volume is high in mus- 
cular and obese persons and low in thin individuals; the volume per unit of body 
weight is high in muscular and in thin individuals and low in obese persons. 

The blood volume of normal individuals varies within wide limits. The relation- 
ship to height or surface area offers a useful basis for estimation of normal volume 
in clinical investigation. 

AuTUon. 

Gotsev, T.: Action of Acetylcholine on Blood Vessels, Blood Pressure, Heart 
and Vasomotor Centers. Arch. f. Exper. Path. u. Pliarinakol. 181: 207, 1930. 

The author attributes a drop in blood pressure to a slowing and a depression of 
the heart, since atropine causes the blood pressure to rise and the heart to accelerate. 
The volume of the viscera decreases, as a rule, %vhether the blood pressure rises or 
falls. 

L. N. K. 

Grosse-Brockhoff, F., Schneider, M., and Schoedel, W.: Vasomotor Interference 
in the Nerve Plexus of Skeletal Muscle Vessels Induced by Vasodilator Sub- 
stances Following Hyperemia. Pfliiger’s Arch. f. d. ges. Physiol. 237: 178 
1936. 

In local hyperemia in the skeletal muscle induced by acetylcholine, the authors 
find an absence of normal vasoconstrictor action of the carotid sinus and of small 
adrenalin injections. This refractoriness resembles the effect found in hyperemia 
following activity, and this refractoriness is absent when histamine, adenosine or 
muscle adenylic acid is used. In fact, the response to small doses of adrenalin is 
exaggerated under the latter conditions. 

L. N. K. 

Eoeske: Movements of Lower Lung Margin and Apex Beat on Lying Down and 
Sitting IJp. Deutsche med. Wchnschr. 62: .142, 1930. 

Movements are due to changes in position of the anterior chest wall in these two ' 
positions. The lower lung margin follows the chest, but the heart does not. Hence 
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with the subject lying down the lung mttrgiu moves down nud the upex h(‘nt up. Die 
movements of the anterior chest wall can be easily (lemonstrnf ed by palpitation of 


the ribs. 


J.. N. K. 


Herbst, E., and Manigold, K.: Circulatory Insulllcicncy and O. Deficiency. 

Ztschr. f. klin. Dcd. 129: 710, JOlbl. 

The elYect of the low pres.snre chamber on compensated and decompensated cardiac 
patient.s (valvular deformities, hypertension, em[)hy>jenm, and coronary sclerosis) was 
determined. The response of patients with (•onipensatcil liearts to lowering of j»res- 
sure is the same as in normal .subjects. 3u patients with decotupensnted liearts the 
onset of mountain sickness occurred at lower elevations, vix,. 1 to 2 kilomoter.s instimd 
of 3.7 kilometer.^. Even at elevation lower than this an {icceleratiou of the pulse 
and iucri'ased minute volume blood tlow were noted. Before collapse occurred, the 
minute volume ilow decreased. 

L. X. K. 


Block, C.: Extrasj'.stolic Allorhytlimia. Wien. Arch. f. inn. .Med, 28: i'l.l, .1030. 

A case of old coronary occlusion is described in wliich tlu'rc were A*V and in* 
tr.avcntrjcnlar block and .spontaneous allorhythmin. Each olTective normal sinu.s beat 
•was followed by a series of ventrienlar extrasystole.H wliich interfered with the sinus 
rhythms. The changes: in cycle length of the sueeeetling extrtisystole.s wore, ascribed 
to block wliich u.smil!y caused the second impiilsi* to be blocked out. In 

larger runs of extni.^ystoles others were blocked out ;il.«o. 

L. X. K. 


Neslin, W.: An Autonomic Auricular Ehythm. NViea. Arch. f. imi. Med. 28: 213, 
3930. 

A rhythm independent of .sinus rhythm occurred in llic auricles. The jiticemtiker 
affected only a jiart of the auricles and was block<'d from the ventricle and sinu.s 
node. The atitlior believes thi.H to be tin instance of complete ]iersistent intrtv* 
aurifuhir block. 

L. X. Iv. 


Block, C,, and Pick, A.: Action of Magnc.sinni on Ventricular Ectopic Eliythms 
Occurring in Digitalis Intoxication— HI. Wien. Arch. f. inn. ^^led. 29; .135, 
3936. 

A ca,se is described of auricular fibrillation with rapid ventricular rate. A 20 per 
cent solution of Mg.SO, caused ventricular slowing by producing an A-V block. The 

inaxinniin eftoet lasted from five to fifteen minutes, but the action jicr.sisted for some 
time. 

E. N, K. 


Knoll, w., Girones, L., and Goerko, W.; Time Eolation Between Heart Activity 
and the Electrocardiogram. Deutsche, mod. Wclm.schr. 62: 310, 3£)3{). 

. Each electrocardiogram of an, exposed heart, in a dog and in a monkey, ivas 
lecorcied simultaneously with the cinematograph. It wa.s found that QES occurs 
u itn tie heart is dilating and T ivliile the ventricle i.s contracting in size. 


L. X". K 
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Prey, H.: The Efficiency of Various Electrocardiographs. Ztsclir, f. Krcis- 

laiilTor.sch. 29: 41, 1937. 

An ideal instrument sliould (1) register aceurately at all vibration frctiueneies 
found in the cleetrocardiogram, (2) give proportional responses to all impo.sed 
stresses regardless of magnitude or direction, (3) cause no phasic distortion, (4) 
cause no alterations in potential at lead-otT point, (5) be ea.sily transportable, 
and (0) be easy to operate. The author discusses the vsirious instruments on this 
basis. He concludes that the string galvanometer is not suitable for chest leads be- 
cause of polarization. [This argument is not convincing.] Tlie author believes that 
a constant potential amplifier and a cathode ray o.scillograph when properly con- 
structed are best. The alternating potential amplifier must have a time constant 
of at least 1 to l.u sec. if it is to be used. Moving coil oscillogra[ih8 require an 
inherent vibration frequency of bOO to 1,000. 

Ij. .Ts , Jv» 

Pick, A.: Concerning Atypical Bundle-Branch Block. Ztschr. f. klin. ifcd. 129: 

719, 1936. 

The author presents twenty-four cases of advanced intraventricular block, all of 
which .showed a prolongation of tlie second phase of the QRS comple.v, the first pliase 
being normal in duration or only slightly prolonged ; and the T-wave was opposite 
in direction to the prolonged phase of QltS. 

The prognosis in tliis group is similar to otlicr groups of intraventricular block. 
The commonest cause of this condition was aricriosclerosis. A necropsied case is 
described, showing the transformation of an atypical to uncommon type of intraven- 
tricular block following myocardial infarction. This indicates that other conditions 
besides the location of the block help to /letcrmine the electrocardiogra])hic appear- 
ance in man. ,, 

L. N. K. 

Schlomka, G., and Gauss, G.: Clinical Electrocardiography: IV. Observations in 

Emphysema. Ztschr. f. klin. :Med. 129: 760, 1936. 

One hundred patients with emphysema were studied. I’lie authors found a tendency 
toward right axis shift. Tlie degree of this is related to severity of lung involvement. 

L. X. K. 

Langendorf, B., and Pick, A.: Electrocardiogram in Lung Embolism. .Veta ined. 

Scandinav. 90; 289, 1936. 

Four necropsied cases of lung emboli showing marked electrocardiograpliic 
changes are described. Xo abnormalities in the heart or the coronary arteries were 
found to explain tlie changes. Tlie authors found a total of 12 out of 16 cases in 
the literature which showed electrocardiographic changes in the first twenty-four 
hours tjqiical of localized myocardial ischemia usually resembling posterior infarct. 
This does not run a typical course, however, in seriatum curves. 

L. X. K. 

Parade, G. W.: Heart Arrhythmias Pollowing Mental and Physical Trauma. 

Med. Klin. 32: 733, 1936. 

Two cases of auricular fibrillation are reported. In one ca.'-e a healthy athlete 
developed a paroxysmal auricular fibrillation of several hours’ duration during 
underwater swimming. In tlie second case an emotional but healthy man developed 
a similar paroxysm of several days’ duration, ivhich was initiated by rage. 


L. X. K. 
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Langendorf, B., and Pick, A.: Electrocardiogram in Acute Nepliritis. I^ted. Klin. 
33: J2G, J037. 

In twelve eases of aeuie diffuse glonierulonepliritis tlio authors found typical 
changes as illustrated in throe cases doserihed in detail. 

The records must be distingin.''’hod from the curves seen in jicricarditis and an- 
terior wall infarction. The (‘liange.=i are ascribed to .sudden clev.ation in blood pres- 
sure and presvnnablv ischonuu aid intlummutory or toxic factors. 

L. K. K. 

Eischoff: A Case of Hcart-Elock (the Bocntgcnokymograpliic and Electrocardi- 
ographic Pindings). Klin. AVclinsclir. 15: 702, 1030. 

A case of coinploto A-V bb>ch in a seventy-yoar-old man with ventricular rate 
of 20 and an almnrinal QEST v ilh widened QIv8 is presented. No evidence of heart 
failure was present, and the < crcbral blood flow seeniful aderjuate at rest and on 
slight exertion. The disorder < mid be identified on kymo.grapliy. 

Iv. N. K. 

Eothhergor, C. J., and Zwillinf:cr, L.: Action of Magnesium on Strophanthin and 
Barium Tachycardia. Arch f. exper. Path. u. Pharinakol. 181: 301, 103(1. 

The authors found that jiiagaesium depressed the (a-topic pacemaker.s in aiiimabs 
and made it more ditTu-ult to in iuee .strophanthin and barium ta<-hyc:irflin. Thi.s ex- 
plains the action of mngneshim clinicjilly in abolishing extrasy.stoles and paroxy.sinal 
tachycardia. The «]uautUies of mgnesimn required in !mosth('ti 7 .ed nninuils is greater 
than in man. 

L. N. K. 


Eckey, P.: Unusual Eficcta ol Small Doses of Strophanthin on Rhythmicity and 
Conductivity of the Heart .rad Its Relation to Parasy.stolc. Deutsches Arch, 
f. klin. Med. 178: 652, 193G. 

In one case, three intraveno is injoctions of 0.3. mg. of strophanthin caused a 
parasystole. In a second ease 'wo injections intravenously of 0.3 mg. each caused 
A-Y block with dropjied bo.at.< aad Wenckebach jieriod..*. In a third case there was a 
prolongation of the P-K interv;.! ubolished by atropine and hence attributed to a 
vagus action. 

Iv, N . 1\ . 

Schwartz, Sidney P.: Studies on Transient Ventricular rihrillation: IV. Ohserva- 
tions on the Clinical and Graphic Manifestations Pollowing the Revival of the 
Heart Prom Transient Ventricular Fibrillation. Am. ,7. Id, Sc. 192: SOS, lO.lG. 

Correlated observations were made of the clinical and grapliic manifestations fol- 
lowing the spontaneous revival of the heart from transient ventricular fibrillation in 
seven patients with either transient, or o.stablished A-Y dissociation. 

It was determined that revival of tlic heart from transient ventricular fibrillation 
m man is as.socintcd usually with a postfibrillatory jiause, followed by a variable 
standstill of the ventricle.s and an intermediary idioventiicular rhythm witli a pro- 
gressive increase in tlic heart rate to as high as 300 beats per minute before the 
restoration of the basic ventricular rhythm. 

The duration of this postfibrillatoiy period is dependent upon the duration of the 
: antecedent period of ventricnlur fibrillation and is independent of the type of ven- 
tricular oscillations present during the fibrillutory period. It may vary from a few 
seconds to as long as onc-luilf hour at one time. 
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The spontaneous revival of the heart from transient ventricular fibrillation is 
associated clinically with a sudden flushing of the face and entire skin by a pink- 
red coloration, a forceful pulsation of the heart against the cliest wall, and a barely 
perceptible beat of the pulse at the wrist. With these events the eyes are opened, 
and loud screaming may be followed by incoherent and unintelligible speech, a very 
cloudy sensorium, and a progressive increase in the heart rate as noted from the 
electrocardiograms. This in turn is followed by a progressive lowering of the heart 
rate again to the original basic level prior to that present before the onset of ven- 
tricular fibrillation. Coma and a period of unconsciousness may then supervene and 
last as long as five hours after a major syncopal attack. 

The period of ai)nca present during ventricular fibrillation is replaced at first by 
irregular periods of respirations in which inspiratioir is prolonged. There may then 
appear typical Cheyne-Stokes respirations as well as all forms of irregular respira- 
toiy movements noted after Jisphj’xia. 

Occasionally after repeated attacks there is a generalized anasarca, involving the 
face, the arms, and the entire skin. 

All of these symptoms and signs arc so unique that a clinical diagnosis of transient 
ventricular fibrillation may be suspected in an individual with syncopal seizures 
if they arc noted after the attack. 

Since the natural course of the revival of the heart from transient ventricular 
fibrillation includes a ])erio.d of acceleration of the heart following a postfibrillatory 
standstill of the ventricles, it is a fallacj' to assume that any drug administered dur- 
ing the postfibrillatory period is responsible for the successive events which appear 
after its use. 

AUTHOii. 

de Chatel, A.: An Analysis of the Pathological Changes in the S-T Segment and 

the T-Wave of the Electrocardiogram on the Basis of Direct Leads. II. Ztschr, 

f. d. ges. exper. Med. 98: .389, 193fi. 

The author indicates that tlic S-T and T changes following coronary ligation, 
monoiodoacetic acid, NaF, and hemorrhage arc due to changes in the electronega- 
tivity of certain regions of the ventricles. In coronary ligation the anoxia causes an 
earlier activation of the region affected. In the more generalized anoxias the an- 
terior wall of the base of the heart is activated earliest. [This is not convincing.] 

L. N. K. 

Cossio, P., Lascalea, M., and Fongi, E. G.: Alternation of the Heart Sounds. 

Arch. Int. Med. 58: 812, 1936. • 

In seven cases in which difl'ercnt degrees of pulsus alternans were present, the 
graphic record of the heart sounds showed alternation of the first sound in all cases 
and alternation of the second sound in only four cases. 

The alternation of the first sound was concordant in all cases with the alternation 
of the pulse beats. In one case only it coexisted and was concordant with an alterna- 
tion of the T-wave in the electrocardiogram , In another case it coexisted and was 
discordant with an alternation of the QES complex. 

Alternation of the second sound was concordant with alternation of pulse beats in 
one case and discordant in three cases. The di.scordance between alternation of the 
second heart sound and the pulse beats is associated with its transmissibility from 
the site where it originates to the place rvhere it is heard in the precordium. 

Deliberate precordial auscultation and a mental image of the way the alternation 
of sounds is perceived enabled recognition of the alternation in all cases. In two 
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of four cases in. wiiicli nllernalion of the first and of the soeoiicl sound was present, 
the alternation of the first sound was perceived easier tlian that of the second sound. 

Alternation of the sounds is detected by means of auscultation by the slight dif- 
ferences in the intensity, pitc: , and sound that the same sound shows in two suc- 
cessive cardiac cycles. In certain cases there maj* be a slight typical change in 
cadence, namely, of the rhythi^. of their succession. 

AuTHon. 

Polanco, Mario; The Eelation of Coronary Sclerosis to Symptoms and Its Dis- 
tribution in 242 ratal Cases, Am. .T. I^led. Sc. 192: S40, 1036. 

Study was made of 242 consecutive cases with hearts whose coronary arteries were 
found postmortem to be .sclerotic. There were 156 males (64.5 per cent) and S6 
females (.35.0 per cent). 

History of pain of cardiac origin was given in 14.9 per cent of the cases, of which 
24 were males and 1.3 female.s; 91.7 per cent of tiiese were associated with marked 
sclerosis and S.3 per cent with iiioderate sclerosis. Xo cases with mild sclerosis gave 
a history of pain. 

Dyspnea and cardiac pain ncre the symptoms most frerpicntly encountered. Signs 
of congestive heart failure were also predojuinanf ; of the arrhythmias, auricular 
fibrillation was the most common, and extrasy.stole, frequent. 

The anterior descending branch of the left coronary artery was the most fre- 
quent to be ''markedly’' involved in the sclerotic process (eighteen times). 

Of arteriosclerosis in other organs, the kidneys and spleen were more markedly 
attacked. Other organs were involved in varying degrees, showing that visceral 
arteriosclerosis tends to be gi'ueralized, although nsunlly affecting the vessels of 
some organs more than others. 

The ratio of heart weight to body weight was found to be increased in 90,8 per 
cent of the males and 91,3 ])cr cent of the females. TIio average heart weight in 
149 male.s was 417 gm,, or 123, gm. (42 per cent) above normal. Of these, 84 per 
cent weighed more than normai. Of 7S female.s, the average weight was 387 gm., or 
137 gm. (55 per cent) above normal ; 83.3 per cent showed definite increase of heart 
weight, 

Autiiok. 

Baumann, E.: Endocarditis Lenta. Miinchen. med. Wchn.'^chr. 83: 469, 1936. 

The author report.s forty-fin <*e ca.ses of this disease with positive blood cultures 
of Sireiytococciis viridan.w In only one ca.se was an apparent cure induced by 
neosalvarsan. Other procedure in this series were without avail. 

L. X. K. 

Kraiss, H.: Recovery In Endocarditis Lenta. Afed. Klin. 22: 566, 1936. 

A case of endocarditis lenta with possible recovery (or intermission) of two 
years’ duration is presented. 'I’lic possibility is considered that a pneumonia from 
which the patient recovered might have been responsible for the apparent cure. 

L. X. K. 

Hermann, K.; Pericardial Concretion. Miinchen. med. Wchnschr. 83: 889, 1936. 

The signs of congestion are duo not only to heart failure but to constriction 
of the veins entering the pericardium. Surgery gives excellent results. 


L. X. K, 



754 


THE AMERICAN HEART .TOURNAE 


Bedford, D. Evan, and Parkinson, John: Bight-Sided Aortic Arch. Brit. .T. 

Eadiol. 9: 77G, 1930. 

Bight-sided aortic arcli is a congenital malformation of tlic aorta due to an 
abnormal evolution of the embryonic arterial arches. Two anatomical varieties are 
recognized.- It may be an isolated anomaly or may he combined with congenital 
malformation of the heart, especially with Fallot’s tetralogy. Eleven cases of 
right-sided aortic arch are described, and their radiological features arc discussc<l. 

Author. 


Taussig, Helen B.: The Clinical and Pathological Findings in Congenital Mal- 
formations of the Heart Due to Defective Development of the Bight Ventricle 
Associated With Tricuspid Atresia or Hypoplasia. Bull. .Johns ITopldns IIosp. 
59: 435, 1936. 

The central feature in this congenital malformation is the diminutive size of the 
right ventricle. The associated malformations can be postulated from the fact 
that the right ventricle does not function. The failure of the ventricle to function 
means that neither the tricuspid valve nor the pulnionjiry valve can function, and 
hence thc}' are either atresic or markedly hypoplastic. Furthermore, it means that 
the only waj- for the blood to escape from the right auricle is through some defect 
in the interauricular septum. The extent of this defect determines whether the heart 
functions as a biloeulate or a triloculatc heart. 

Clinically, the malformation is associated with persistent cytinosis and no mur- 
murs. The diagnosis is ostabli.«hcd through the recognition of the diminutive size 
of the right ventricle. This condition can be .recognized in tlic roentgenogram by 
the peculiar outline of the cardiac shadow. In tlic anteropo.sterior view, because 
of the absence of the i)ulinonary comas, the upper contour of the cardiac shadow 
immediately to the left of the sternum has a concave instead of a convex outline. 
In the left anterior oblique position the small size; of the right ventricle is indi- 
cated bj' the absence of cardiac shadow anterior to that of tlie aorta. These ob- 
servations are sub.stantiated by the electrocardiogram which .shows a left axis 
deviation. 

The differentiation between a functionally biloeulate and a triloculatc heart 
depends upon the size of tlie interauricular septal defect. If there is free com- 
munication between the two auricles, i.e., functionally a biloeulate heart, physical 
examination yields no additional positive findings. In contrtist, when the inter- 
auricular septum is well formed, it causes ob.struciion to the outflow of blood from 
the right auricle. Under these circumstance.s, the auricular pulsation is transmitted 
to the liver and is readily palpable at its margin. It is this pulsation at the edge 
of the liver occurring in conjunction with a diminutive right ventricle which dis- 
tinguishes a functionally triloculatc from a functionally biloeulate heart. 

Author. 

Coburn, Al-vin F.: Specific and Non-Specific Changes in Blood Protein During 
Acute Bheumatism With Carditis. Internat. Clin. 4; 49, 1936. 

Patients with rheumatic carditis show measurable changes in the proteins of the 
blood, both specific and nonspecific in character. These changes begin at the onset 
of the rheumatic attack. The nonspecific reaction (increase in the erythrocyte sedi- 
mentation rate) reaches its maximum level early in the course of the attack while 
electrocardiographic abnormalities arc most marked. Specific changes (increase in 
titer of antibody to hemolytic streptococcus) can be detected at the beginning of 
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the attack hut do not reach their maxihuini level until the nonspecific changes and 
symptoms are regressing. These relations are characteristic of acute rheumatism 
irrespective of whether the patient is having the initial attack or a subsc<iuent 
recrudescence after a year or more of good healtli. In contrast, failing an anti- 
streptolysin response to hemolytie. streptococcus, the. rheumatic suhjcH't doe.s not 
develop an attack, and the. sc<limentation rale rcnmjn.s normal. Tliis indicates that 
an antistreptolysin res]>onsc is e.ssential to the development of both the <*linical 
svmptoms and abnormal se.dimentat3on rates. The relatively la1<‘ development of 
the increase in titratable antibody as coinpnred with the increase in sedimentation 
rate is a constant charaeterist.c of the rheumatic attack. !!.« significance will be 
dealt with in a forthcoming «‘onnminication. 

A union. 


Cobum, Alrin F.. and Kapp. E. M.: Observations on tbe Development of the 

High Blood Sedimentation Bate in Rheumatic Carditis, d. Clin. Investigation 

15: 71 r>, 

In acute rheumatism, the sr-iimentation rate may be con.sidered as a measure of 
the extent of infiamnuition. 

The increased sedimcnlrstion rate in acute r1ieunintisn> is caused by au increase 
in plasma fibrinogen and globulin. 

An immunologienl te.'st for a qualitative difTerence between tiie plasma protein 
fractions of normal and rheumatif. individuals gave negative results. 

A possible type of mechanisi i is suggested to account for tlio rise in sedimentation 
rate ,inst before the onset of ;i rheumatic attack. 

AtrrnoK. 

Coburn, Alvin F,: Ob.seni'ations on the Mechanism of Rheumatic Fever. LaTicct 

2: 1025, 30.35. 

It becomes increasingly clear that the immune response to hemolytic streptococcus, 
infection is intimately connected with the develojunent of rheunmtic activity. Va- 
riations in the clinical character of the attack .show a clo.so parallel to the types 
of antistreptolysin curves /level ipcd. Up to the pre.<^ent time there lias been no evi- 
dence as to whether the antistreptolysin curve.s ob-served in rheumatic fever were, 
normal re.spon.«c.s to hemolytic -itrcptococcus infection or not. The data presented 
in thi.s paper, in conjunction witli finding.s referri'd to previously on other strep- 
tococcal infections, seem to indicate that the iinmune response of the rheumatic 
difTer from the normal in that they arc delayed. If this .should prove to be true 
in the light of more extensive data on normal responses, then it must be assumed 
that the rheumatic subject wlio devoloiis an attack hamlle.s the products of hemolytic 
streptococcus in a peculiar way. Such a concept hurnionizos well with the prolonged 
antigenicity of this organism during rheumatic .attacks as evidenced by the per- 
sistence of high antistreptolysin titre levels for months after infection. In addi- 
tion to the apparent delay in the immune response of the rhcuimitic subject, there 
may also be a delay in the final elimination of hemolytic streptococcus products 
from the body. In conclusion, thc.'ie observations .Suggest the hypothesis that the 
rheumatic state is characterized by an abnormal method of disposing of hemolytic 
streptococcus products. The mechanism whereby sucli au abnormal immune response 
max. induce disease is unknown. Further information on the nature of this ab- 
normalitj may make possible an experimental approach to the mechanism. 


Author. 
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Norris, EoTjert F.: Primary'Fulmonary Arteriosclerosis: Eeport of a Case With 

Marked Calcification of the Pulmonary Arteries. Bull. Jolins Hopkins Hosp, 

59: 143, 1936. 

A case of primary pulmonary arteriosclcrosi.s with calcification of the pulmonary 
arteries is presented, and the evidence in favor of such a diagnosis is discussed. 

It is suggested that some cases of emphysema may he tlie result rather tlian tlie 
cause of pulmonary vascular .sclerosis. 

Primary pulmonary arteriosclerosis is not a clinical and pathological entity hut 
a sjmdrome. 

AuTiion. 

Schmitt, H.: Experimental Ohservations on the Pathogenesis of Eheiunatic 

Atherosclerosis. A’irchows Arch. f. Path. Anat. 296: 603, 1936. 

Eheumatic atherosclerosis occurs in the aorta and coronary arteries only as a 
result of inflammatory degenerative processes. Animal e.vperiments with scrum 
injections convinced the author that the procc.ss is allergic with lipoid infiltration 
following cholesterol feeding. The le.sions were localized here to the abdominal 
aorta. The involvement may he primarily medial or intimal. 

L. N. K. 

Pickering, G. W.: Ohservations on the Mechanism of Arterial Hypertension in 

Acute Nephritis. Clin. Sc. 2: 363, 3936. 

Eaised arterial pressure in acute nephritis prohihly results from vasoconstriction 
because: 

(a) In three cases the circulation time, as estimated by the decholin method, 
was essentially the same when the blood pressure ^vas high and when it was normal. 

(b) Tlie blood viscosity was .slightly decreased in three and slightly increased 
in one patient during the phase of -hypertension. 

In four out of six cases of acute nephritis estimations of blood flow showed 
that during the phase of hypertension no abno.inal vasoconstriction was present 
in the hand from which vasomotor nervous tone l ad been completely removed. 

Hypertension seems to be due to vasoconstriction which is of essentially different 
origin in acute and chronic nephritis; in the former it is probably of nen-ous origin 
in most cases; in the latter it is probablj- not. 

Aurnoi;. 

Boger, A., and Wezler, El.: Action of Musculature on the Elasticity of the Living 

Arterial Wall: Its Eelation to “Eed” Hypertension. Klin. Wchnschr. 15: 

559, 1936. 

The decreased distensibility accompanying blood pressure elevation produced by 
adrenalin (which the authors used to imitate change with age) occurs in the elastic 
aorta and the iliac arteries more markedly than in the brachial-radial arteries. 
Muscular contraction apparently makes the muscular arteries more distensible and 
so counteracts the action of the rising internal pressure. The increased disten- 
sibility acts as a compensatory mechanism to overcome the handicaps of the acute 
hypertension. The state of tone of these muscular arteries, thus, xdays an important 
role in determining their distensibility. Tlie methods of making these observations 
in man are described. 
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In patients wiili “red'* hypertension observations indicate that this protective 
function of the sniootli musode is greatly distnrhed. The pulse wave velocity 'svas 
found to be greater in tlio inuscuhir arm arteries in patients under fifty years of 
ago n-ith essential hypertension than in those of the same age ^Yithout liypertension 
(even when the readings were corrected for the same internal pressure). In the 
case of the elastic arteries like the aorta no such difference in ratios for corrected 
jndse velocities could be made out belAVCcn normal svtb,iects and ]>atients with hj'pci" 
tension. 

h. N. K. 

Gem, T., and Socher. K.; Studies Conccraiiig the State of the Heart in Obesity; 

II. Obesity and Hypertension. Aetn med. Scandinav. 87: -lof, 1086. 

Studios on 81, putient.< wore made, 'fhe electrocardiogram was abnormal in all; 
6 had left n.xis shift. The eh'ctroeardiographic change.^ occurred in young individ- 
uals. none of whom Imd any nepliritm. Hypertension and obe.sity form n serious 
combination in afi'ecting flu* heart. 

L. N. K. 

Sappington, S. W., and Cook, Hunter S.; Radial Artery Changes in Comparison 

With Those of the Coronary and Other Arteries. Am. .1. Med. Sc. 192: 822, 

; 108 G. 

The present study .suggesi.^^ : (1) That both age period clianges and arterio- 

sclerotic change.? are maximal in the coronary arteries and minimal in tl>c radial 
artcrie.s and more or lc.s.« inter tiediate in other ve.ssel.s, sucli as the cerebral, splenic 
and renal arlerio.s; (2) That !rhftro.«!clerosis in the radial is .such a rarity as to bo 
negligible; and (8) Tliai tlic antilomieal condition of the radial artery has no 
hearing on vi.scoral sclerosis. 

Harkims, Henry N,; Mesenteric Vascular Occlusion of Arterial and of Venous 

Origin: Report of Nine Cases. Arch. Path. 22; 087, 398G. 

The literature on occlusion of mesenteric blood vessels is reviewed with special 
reference fo the subject of secondary surgical shock. E.x<*ept for very occasional 
citation, Ihi.s aspect of tlic condition ha.s received little clinical notice eitlier in re- 
ports or treattnent. On the otlior Imnd, tlic liteniture on experimental occlusions 
indicates that secondary surgical shock from loss of a blood plasmalikc fluid into 
the peritoneal cavity or of blood into the wall or lumen of the intestine may be a 
major factor in death in these case.?. 

Nine cases of mesenteric vascular occlusion arc roporlod. Most of these were 
observed before interest in tlie pos.sible presence of shock was aroused and were 
not adcrjuately investigated from this .stand])oinl. One of the purposes of this 
paper is to enter a plea for more adequate study of such cases from the standpoint 
of shock. 

A study of these ca.se.s indicalo,s that arterial occlusion is more common than 
venous occlusion; that most of the patients are in. the upper middle age group; 
that vomiting is frequent, and often bloody in tlio venoms type; that abdominal 
distention with fluid is frequently present; that the white blood cell count is elevated; 
that the temperature is only moderately high; that. pain is greater than the accom- 
panying rigidity and tenderness would indicate; and that the condition may simulate 
mild intestinal obstruction due to malignant disease. 
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Accompanying the hemorrlmgic infarction of the intestines are edema of the 
■ bowel wall and mesenterj', bloody fluid in the lumen of the bowel with melena and 
bloody vomituS; and an exudate of blood-stained plasmalikc fluid in the peritoneal 
cavity. 


AlTTTTnt? 


Adamek, G-., and Priedliinder, E.: Venography In Thrombophlebitis, Jicd. Klin. 
32: 222, 3936. 

Radiopaque material (perabrodil or tonobryl B) was injected in the superficial 
vein toward the foot and the leg quicklj' lowered. This permitted visualization of 
deep veins and permitted localization of the thrombosis in the iliac veins. 

L. N. K. 


Smirk, E. H.: Observations on the Causes of Edema in Congestive Heart Eailure. 

Clin. Sc. 2: 317, 1936. 

There is a fall in the colloid osmotic pressure of the plasma, and some protein 
passes through the blood vessels with the edema fluid. The colloid osmotic pressure 
of the protein of this edema fluid has varied between 1.5 and 7 cm. of water, and 
tins acts in opposition to the colloid osmotic pressure of the plasma. Thus the 
effective colloid osmotic jjressure is reduced, and as a result the reabsorption of 
fluid into the blood vessels is decreased. 

At rest the venous pressure in the legs is approximately equal to the general 
venous pressure plus the pressure of a column of water c.xtcnding vertically down- 
ward from the manubrium sterni to the situation where the venous pre.«Hure is meas- 
ured. Active muscular movements of the legs diminish the venous pre.ssure in the 
legs by 10 to 100 cm. of water. Thus the incapacity for exercise of patients with 
heart failure increases the average venous pressure in the legs, throughout the day, 
to much above the normal. The increase above the normal of the average venous 
pressure in the legs of heart failure subjects is produced mainly by their muscular 
inactivity and to a much smaller degree by the increase in general venous pressure. 
The increases in the general venous pressure in cases of congestive heart failure 
are not by themselves sufficiently great to cause edema. All factors increasing 
the local venous pressure, however, will increase the effective filtration pressure and 
thus will increase the rate of transudation of fluid out from blood vessels. Con- 
versely the counter pressure of the edema fluid on the outside of the blood vessels, 
which is exercised as the edema accumulates, will decrease the rate of transudation 
of fluid. 

The permesibility of the blood vessels to water and to crystalloids is demonstrably 
increased in congestive heart failure and this augments the rate of flow of fluid 
from the blood vessels. The increase in the permeability of the blood vessels to 
water and to crystalloids may be such that with equal effective filtration pressures 
the rate of transudation of fluid in congestive heart failure is twice the norm.al. 
Increase in the permeability of the capillaries to water and crj’stulloids only in- 
fluences the rate at which loss of fluid from the blood vessels occurs, and, de-spite 
such an increase in capillary permeability, fluid null leave the blood vessels only in 
situations where the effective capillary pressure exceeds the effective colloid osmotic 
pressure of the plasma. 

The magnitudes of the various factors which combine to cause edema in con- 
gestive heart failure differ from case to case. Two of the important causes of 
such edema, namely the increase in the capillary permeability and the fall in the 
colloid osmotic pressure of the plasma, are also partly responsible for the edema 
in the nephrotic stage of glomerulonephritis. 


Author. 
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Barsoiua, G. S., and Smirk, F. H.: . Observations on the Histamine-Yielding Sub- 
stance in the Plasma and Red Cells of Normal Human Subjects and of Patients 

With Congestive Heart Failure. Clin. Sc. 2: 387, 

A. Tlie nuture of the histannno-yiolding- substances in blood. 

It nas shown 1 )y Barsoiun and Gaddum that when blood is extracted by the 
method described in their paper, a substance appears in the. extract which has 
many properties in eoinnion with histamine. The evidence tluit this substance in 
the extracts is actually histamine appears to be strong and is further supported by 
our observation that the histamine-like activity of the extracts is dcstroj'cd by a 
preparation containing histaminase. Thi.s pajier concerns the nature of the mother 
.substance in blood whicdi on extraction by lbir.<ouin and Gaddum 's method yield.s 
a histaminc-like body. The following ohservations .diow that H.Y.S. (histamine- 
yielding substance) has biological properties which bear a striking resemblance to 
those of histamine and that H.Y.S. may be identical witli histamine. 

The histamine--yielding substance (H.Y.S.) in normal blood and blood from 
heart failure cases, ns estimated by Bar.«oum and Gaddum ‘s method, is destroyed 
by a preparation c.ontaining hi.staininase. 

The H.Y.S. is pro.«ent in human liver and injections of watery extr.'icts of liver 
produce a fall of blood pressure in ano.«thefized dogs. The .sub.stancc which pro- 
duce.s thi.*? fall of blood pre.ssurc is mostly .destroyed by a preparation containing 
histaminase. 

Rabbits' colls contain a high concentration of H.Y.S., and lakcd rabbits' blood, 
when injected intravenously, causc.s a fall of l)lood pnissurc of the anesthetized 
dog. and when applied directly to the i.eolatod guinea pig ileum causes it to con- 
tract. Theise histaminc-like properties are destroyed by a preparation containing 
hi.stnmina.se, and de.struction is associated with a decrease in the concentration of 
H.Y.S., as e.stimatcd by Bur.«ouni and Gaddum ’.s method. 

It is characteri.stic of histamine that the e.\po.sure of the isolated guinea pig’s 
ileum to high concentrations of hi.standne de.sensitizes the ileum to a subsequent 
do.se of histamine but doe.s not desensitize it to other .stimulants. It i.s found that 
the guinea pig ileum when de.«en.sitized to histamine is also de.sensitizcd to lakcd 
rabbits’ blood, which blood fails to cause contr.action of the desensitized ileum. Like- 
wise the guinc.a pig ileum can 1)0 desensitized to histumino by the previous applica- 
tion of lakcd rabhits* blood. The lakcd rabbits' blood after treatment with a 
preparation containing liistamina.se lose.s its capacity to dc.sonsitize the guinea pigs' 
ileum to histamine and to lakcd rabbit.s’ blood untreated with the prepar.ation of 
histaminase. 

Equal do.scs of hi.stamine and of H.Y.S. (a.s o.stimated by Barsoum and Gaddum 's 
method) cause equal contractions of the i.oolated guinea pig ileum and equal falls 
of blood pro.sHure in anesthetized dogs. 

E. The histamine-yielding substance in the blood of congestive heart failure cases. 

It was found that in congestive heart failure cases there is an increase in the 
concentration of IT,y.,S. in whole blood, whicli is due exclusively to the increased 
concentration of H.Y..S. in flic red cells. H.Y.S., when confined within the red cells, 
fails, however, to produce its usual depressor action upon the blood pressure. Thus 
the absence of any measurable increase in H.Y.S. in the plasma of heart failure 
cases fiecnis to explain fully the ahsenee of physiological or symptomatic indications 
of the excess of histamine in the whole blood of these cases. 

The concentrations of H.Y.S. in plasma and in plasma transudates such as 
edema fluids and pleural fluids are approximately equal. This suggests that the 
H.Y.S. found in the plasma in vitro is present also in vivo. 
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The concentration of H.Y.S. in plasma aad edema fluid from congestive heart 
failure cases is u-ithin the normal limits. Tliis suggests that the presence of an 
excess of H.Y.S. in whole Mood docs not explain the increased permeability of the 
capillary bed in congestive 11031 ! failure. 

Author. 

Barsoum, G. S., and Smirk, F. H,: Observations on the Increase in the Con- 
centration of a Histamine-Like Substance in Human Venous Blood During a 

Period of Reactive Hyperemia. Clin, Sc. 2: snu, 

During reactive hyperemia of the human arm, following a period of complete 
obstruction to the circulation, there appears in tlie venous blood an increase in the 
concentration of a substance which has the biological properties of histamine. It 
is thought that the liberation of this histamine-like substance during circulatory 
arrest accounts at least in part for the hjqieremia. 

Gollwitzer-Meier, BT.: Ohsei-vations on the Circulatory Action of Some Analeptics. 

Klin. Wchnschr. 16: .608, 1930. 

It was observed that large doses of coramine can make the nonnal and in- 
sufficient heart in the heart-lung preparation beat more poorly and less efficiently 
in terms of energy cost. Large doses of cardiazol do not have this detrimental ac- 
tion. In small doses both drugs improve the in.sufficient heart. They' have no ac- 
tion on the coronary blood vessels. 

In the intact circulation these drugs increase the venous return to the heart which 
in turn increases minute-volume flow. The arterial blood pressure rises and hence 
the coronary flow increases. In cats they cause, by central vagus action, a slowing 
of the heart, 

L. N. K, 


Bruckner, G,; The Venous Pulse Contour in Silicosis. Deutsches Arch. f. klin. 
Med. 178: 604, 1936. 

It was found that evidence of congestion in Die right heart following silicosis 
manifests itself in the venous pulse. These alTcct the diastolic waves. 

L. N. K. 

Kjaergaard, Hans; Roentgenkymography in Diseases of the Heart. Acta mod. 
Scandinav. Supp. 78: 1936. 

It is felt that kymography is the future method for x-raj' examination of the 
heart and that it will rank with the other methods of examination as a valuable 
supplement to auscultation, sphygmoinanometry and electrocardiography. But, 
however valuable the kymography, it must not be overestimated and made the sole 
basis for the diagnosis, prognosis and therapy — no more than the other methods 
of examination. The most important basis for the judgment of a cardiac patient 
is now, as well as before, the clinical observation of what Mackenzie called “the 
response to effort.” 

Author. 

Faber, Borge, and Kjaergaard, Hans: Kymographic Studies on the Influence of 
Brief Muscular Work Upon the Heart Function. Acta med. Scandinav. 89; 
537, 1936. 

On comparison of the changes in kymographic demonstrations of the heart in young 
normal individuals before and after brief muscular work, the authors believe that 
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brief exerting work produces i.‘]i!inges in the lioart similar to those demonstrable 
after more protracted work. These clnmgos arc increase of the heart rate, increase 
in the power of the individual contrartion.s associated with a rise of the blood 
pre.ssure, a diminution of the heart both in systole and in diastole, bc.sidcs increase 
in the amplitude of the movement.s of the difi'erent regions of the heart : presumably 
the last -mentioned condition is the cause of the ineren.^ed beat volume. 

AUTtlOU. 


Dabm, M., and Meese, J.: Mediastinal Movement in Aortic Aneurysm, Fortsch. 
a. d. Geb. d. Kbutgensfrah.len 53: Ci2o, lOBti. 

The brom'hial stenosis caused by aortic aneury.sm is visible by x-ray, and tlic 
movements can be .shown in the roentgenkymogram. Not all movements are due to 
bronchial stenosis. Anomalie.s of the diajdnagm and pleural adhesions can also 
cause tin.': phenomenon. 

L. X. K. 

Tilk, G, V.: The Relation of the Shadow of the Large Blood Vcs.scls to the Depth 
of the Chest. Zlschr. f. Kreislanffor.'icb. 29: 2, .1037. 

This stndy i.s based on an analysis (tf twenty-live cases. Xo relation was found 
between llic x-ray shadow of the great ves.'Jels of the lienrt and tlio depth of the che.st. 

L. X. K. 


Heckmann, BL: Actinocardiography. Klin, 'Wchnsohr. 15: 757, I03t>. 

The light inteusitv of ilie Iieart shadow cast on the lluoresccnt .=i!reeu by the 
x-ray machine is recorded by mentis of a photoelectric cell. The current, from the 
photoelectric cell i.s ampliri(.sl ami recorded with a mirror galvanometer on moving 
photosensitive paper. Tlii.s gives a volume curve of the heart (or otlier organ). 
Tliis method sliows tliut ilie recently developed ionograjdis arc not .suitable for volume 
recording. The method whtcii the author de.'cribe.s gives not only the changes in 
the intensity of the heart shadow, but also the edinuges in its size. For this reason 
disjilneements of the heart liave no effeet on the curve. 

L. X . K. 


Holzmann, M.: Social-Mcdical Needs for Cardiac Patients. Alviuchcn. mod. 

Wchuschr. Xo. 20, $12, 103G. 

Tlic author points out tlmt while good results often follow hospital care of 
cardiac patients, one-half the patients return one or more times for further hospital 
care. Ho believes, therefore, in the cstablishnumt of convalescent and training 
stations for cardiacs after their rc1ea.se from the hospital and in (ho belter control 
of the.se patients after their discharge into an ordinary or restricted existence. 

L. X. K. 

Korns, Horace Marshall, and Feller, Alto E.: Treatment of Occlusive Arterial 

Disease of the Extremities hy Passive Vascular Exercise: Report of Sixty- 

Eight Case.s. Arch. Tut. IMed. 59; 705, .1937. 

Experience indicates, as does that of many other observers, that if collateral 
pathw.ays are potentially adequate, passive vascular exercise helps to reestablish 
the. circulation in an extremity which has been deprived of part of its blood supply 
by obliterative arterial disease. 

Author. 
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Passive VASruEAii Exeikiises. By Louis G, Herrmann, A.B,, M,D. 288 pages, 80 

illustrations, and 4 color plates. Pliiladelpliiu, 198G, J. B. Lippineott Company. 

This volume repre.sents a timely prc.sentation of the use of one of the most 
popular of the numerous mechanical devices which are so rapidly being produced in 
what might be termed as the machine age in medicine. 

As the author points out in an instructive historical review, the principle of the 
use of pressure and suction together or sejiarately in the treatment of vascular 
diseases is not a new one, having been in use more than loO years, and in a form not 
dissimilar from the present in certain respects since 1798. The historical section seems 
unduly illustrated with modern apparatus including photographs of little significance 
such as those on pages 59, G.8, and GS. 

Certain contraindications to the use of the prc.s.sure suction apparatus have been 
noted, such as acute or subacute thrombophlebitis, obliteration of the arteriolar bed, 
acute infectious processes, and cellulitis. In addition, it is stated that no perma- 
nent benefit could be expected in conditions of high grade angiospasm of central 
origin. 'With these statements no one appears to dilTer. 

On the other hand, it has been the experience of certain workers that the out- 
standing results claimed in this volume could not be duplicated with tlie same 
degree of success. Even the simple and fundamental observation regarding the 
elevation of surface temperature (p. 94) following the use of the apparatus has 
not, in the experience of the reviewer and othens, been cajinble of constant reproduc- 
tion, In fact, frequently the temperature of the skin has been lower after the treat- 
ment than before. This is in part, at least, responsible for the use of artificial hyper- 
thermia as an important adjunct to the treatment. One might then question the rela- 
tive merits of the two forms of treatment thus incorporated. 

Although the reviewer agrees with the author in his belief that the clinical names 
of these diseases are of slight importance compared with an understanding of their 
pathological physiologj', exception may be taken to the classification of the diseases 
as listed under the heading Primary Obliterative Arterial Diseases of Extremities 
(p. 12G). Many of the conditions so listed are definitely secondary to external causes 
and should hardly be termed as primary, i.e., ligation of major artery, gunshot 
wounds, burns, etc. 

Certain workers might question the occurrence of .syphilitic thromboarteritis 
obliterans as a relatively common disease, as would be indicated by the author’s 
series of six cases. The presence of a po.sitive 'Wassermann test in a patient with 
arterial di.sease does not seem sufficient evidence in itself for the diagnosis but needs 
the further substantiation of the detection of the spirochetes in the walls of the 
vessels. 

A useful chapter on the general management of arterial diseases is somewhat 
marred by the fact that it is practically confined to favorable reports of work with 
a number of substances presented in an uncritical manner. Negative and critical 
results have been published regarding certain of these substances and such data are 
at least as important in evaluating the true value of a given form of therapy. 

The value of the pressure suction therapy is perhaps most widely accepted in the 
treatment of acute arterial emboli to the extremities. Yet even here the interpreta- 
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tion of results must he temi)erccl by the tluit many of these cases clear up with 
the use of general heat, alcohol, etc., that the phenomena of apparent embolism may 
follow trauma ami local phlebitis of an associated vein, which conditions clear up 
spontaneously, jind lastly that a certain percentage of cases with embolism fail to 
respond even to tins apparatus. These dilferent aspects sliould be more critically 
evaluated. 

Ill the treatment of frostbite Herrmann reports the good results which have been 
eonti rmed elsewhere. 

The good results noted in oases of organic arterial disease complicated by infec- 
tion, especially in diabetics. Inu'e not been duplicated, oven with the addition of 
hypertheriniu, in tlie experience of the reviewer and of other workers. In fact, in 
many such patients the infection appears to be aggravated. 

Herrmann has found tlie nmcliine to be of little value in the treatment of llirombo- 
angiitis oblitenins, and in this we absolutely concur. 

The problem with whicli workers in the field of diseases of the perijihoral vessels 
are confronted appears to be not wbetlier this and certain other machines will help 
to improve the circulation and restore the.«e jiatieiiKs to iioalth, but rather, wliether 
the elabonite and expensive equijiniont will do this more satisfactorily than the 
careful use of the many .simple measures which are available, and, if so, how mucli 
better? These questions are .as yet unan.swcred in the minds of many careful ob-servers. 
It imisl however be realized that our equipment of today in all probability does 
not represent tlie ultimate. 

This volume may be regarded as a rcimrd of a clinieal group wliich has hud ex- 
tensive experience with a n'discovered form of therajiy. A.s such, it i.s of value for 
the inclusion of many new findings and as an aid to all others wishing to undertake 
this tlierapy. 

Es.skxti.m.s ok Er-KCTnoo.MU'iocn.MMtv, By Richard Ashman, Ph.l>., Professor of 

Physiology, Louisiana State University Medical Center, and Director of the Heart 

Station Charity Hospital, and Edgar Hull, M.D., As.sistant Profe.ssor of Medi- 
cine, Louisiana State University Medical Center. 232 ptiges, price .$3.50, 

jVcw York, 30.37, The Macmillan Comiiany. 

Tins hook is well jirintcd and amply illustrated. It .starts witli a brief discussion 
of the instrument and a very good review of the physiology of the heart muscle. 
This is presented in a diagrammuf ic manner which is easy to coniprehend, but, 
because it is diagrammatic, it gives the impre.^sion that many details are much 
more clearly understood tlian is actually the case. The illustrations throughout the 
book are accompanied by detailed interpretations of the records. These interpreta- 
tions arc con.servativc and should be very helpful to one learning to read the 
electrocardiogram. 

One somewluit fools the alisenee of a presentation of the anatomical features 
upon which the spreading of the contraction wave must depend. Possibly, however, 
most of tliosc who read thi.s book may already have this knowledge in tlicir minds. 

Tlie order of considering the various waves of the electrocardiogram is logical 
but the fact that normal and abnormal variations of the waves are considered in 
the same section leads one sometimes to a consideration of abnormal features in a 
record, wliicli have not yet been described in their normal as^iects. This might make 
it difficult for a beginner at the first reading of the book, but owing to tlie clearness 
and completeness of the description:?, the second reading should lead to a good 
understanding of tlie subject. 

The attempt to discuss special eleetroeardiographic features associated ndth dif- 
ferent etiological types of heart disease leads to a certain amount of repetition. 
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It has a value to the beginner, however, in showing tliat electrocardiograpliic 
changes are due to myocardial lesions of certain pathological types rather tlian to 
the influence of any etiological factor. 

The final section on cardiac arrh 3 'thinin is suflicientlj' complete and the illustra- 
tions are satisfactorj'. 

The ruNDAMENTAES OF Ei.ECTKOCAuniocRAi’Hic iNTEiipUETATioN. By J. Bailey 
Carter, M.D., Clinical Instructor, Dept, of Medicine, Rush Medical College, Chi- 
cago, 111. 32G pages, price .$4.50, Springfield, 111., 1937, Charles C. Tliomas. 

The printing and illustrations are good. TJie author makes a clear presentation 
of the origin of the waves of the electrocardiogram and shows many illustrations 
of its variations. Interpretations beneath these records would be helpful were it 
not that nianj' of them overaecentuatc the abnormality of certain features of the 
records. This is particularlj’ true in regard to notching and slurring of the QR.S 
group, 'lilanj' times this is mentioned when very' slight in degree and is often made 
the basis for a statement that myocardial damage is present when it seems likely 
that most electrocardiographcrs would disregard its presence. This is especially 
so in Figures 43, 44, 4G and in several others. 

Figure 20G, showing a curve commonly found in patients with hypertension, is 
said to “indicate a serious prognosis.” This statement is not yet sufficiently estab- 
lished to be made in so unqualified a manner. Many other statements would not 
be generally agreed with, such as that “the S-T interval represents the period of 
electrical balance between cardiac apex and base”; also “all waves and intervals 
are best studied in Load II.” Pulsus trigeminus is illustrated by a record showing 
the recurrence of a group of three normal beats and a ventricular premature beat. 
There arc so many statements throughout this book to which exception must be 
taken that the good features of the book arc counteracted by the danger that the 
beginner will be misled. 

The Course of the Esoi’ifAous ik Health and jx Di.sease of the Heart and 
Great Ves.sel.s. By' William Evans, AI.D., F.R.C.P. Paper, 93 pages, London, 
193G, His Majesty’s .Stationery Office. 

The work described in this report was done by Doctor Evans at the London 
Hospital with the assistance of a grant from the Medical Research Council. The 
observations aro confined to alterations of cour.se and lumenal contour of the 
esophagus produced by adjacent normal or diseased organs. Abnormality' arising 
in the lumen or wall of the esophagus itself is excluded from the scope of tlie 
brochure. Doctor Evans’ report, which is profusely' illustrated with roentgenograms 
and drawings, embodies his own .studies of liv'ing persons and careful dissections of 
tliree cadav'ers, together with numerous citations from the literature. Among Amer- 
ican observations cited are tho.se of Eigler, Steel, and Mahaim. Impressions and 
deviations produced by the aortic arch, left bronchus, left auricle, descending aorta, 
and enlarged lyunpli nodes are described in detail. The booklet is comprehensive 
in its covering of the subject and is valuable to the radiological diagnostician. 
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